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ABSTRACT
Digital games have been used mostly for entertainment but recently researchers have started to use digital
games in other areas such as education and training. Researchers have shown that digital games can
provide a compelling, creative, and collaborative environment for learning. However, the popularity of
computers and the Internet brings this question to mind: Are the assessment methods falling behind and
remaining traditional? Will the traditional methods of learning and knowledge assessment be sufficient
for this new generation who are starving for new technology?
This study investigates the effectiveness of using a digital interactive game as an assessments method – in
this case a mini-game that was designed to assess the student’s knowledge on basic Boolean logic. The
study reports on the performance differences of the students who participated in this study and
correlations between the performance of these students in a digital interactive game, written tests and their
in-class performance to examine the effectiveness of using a digital game as a new knowledge assessment
method.
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CHAPTER ONE: INTRODUCTION
Introduction
Digital interactive games are a big part of our lives these days. Statistics from the Entertainment Software
Association (ESA) show that the gaming industry earned $10.5 billion in revenue in 2009 and $25.1
billion in 2010 (ESA, 2010; ESA, 2011). All kinds of digital games are being made every day for
different purposes from entertainment to education and advertisement. However digital games have a lot
more potential for serving as more than just an entertainment tool. A lot of researchers currently work on
different aspects of digital games to combine the power of games with other fields of study in order to
solve the problems that we can’t solve in other ways. A good example of that is an online game called
“Foldit”. In this game the players have to create an accurate model of an enzyme. This enzyme plays an
important role in the way the AIDS virus works and the scientists had given up on creating this enzyme
when they called for the players to play this game. The collaboration, competitiveness and creativity of
these gamers eventually solved the mysterious structure in three weeks (University of Washington,

2011).
One of the most important research areas in the field of digital games is called “serious games” or “games
for education and training”. The reason for studying digital games in education is that the traditional
education system is under great stress. As time passes and as the technology evolves, it needs to transform
into a new system that matches the needs and tools of the new generation. Currently the education system
is heavily dependent on teachers and what they do in the classroom. The instruction is usually not
interactive and the learning process often involves memorizing the content. Digital games can provide an
interactive environment with visual and immediate feedback, and several other features, which allow the
digital games to become a great environment for practicing problem solving, creativity, persistence and
other skills, which are very important in the fast-paced life of the 21st century. But are the kids who spend
1

several hours per day to play video games really wasting their time? In order to answer this question we
need to use some form of assessment that matches their learning environment to understand what they are
really learning from the game, to what degree and in which context.

Statement of the Problem
The most important challenge in using digital games as a learning tool and replacing the traditional
methods is that the effectiveness of the digital games cannot be easily or directly measured by traditional
assessment methods such as written tests or multiple choice tests. When learners play a game they
implicitly learn a lot through this process while they are not intending to learn something from the game
(Shute, & Ke, 2012). We need a new approach to assessment to be able to capture and analyze this
implicit learning and their complex behaviors in the game.

Purpose of Research
In this study we suggest that digital games can be a good assessment environment as well as a learning
environment. We will look into learning games’ characteristics, formative assessment and in-game
assessment metrics, and game design considerations with more details and will design a study to examine
the effectiveness of this idea. Contributions of this thesis will be in two areas: creative game design, and
innovative applications of a custom-designed game for the assessment of learning.
The creative design process will consist of the specification and programming of an interactive graphicsbased game that offers learners a chance to use their prior knowledge and understanding of logical
operators and logical expressions. The specifications will include capabilities to capture and record in-

2

game assessment metrics such as decisions (including timing information) made by the users, for later
analysis.

Organization of Thesis
The contents of this document are organized as follow: Chapter 1 presents an introduction to the topic,
statement of the problem, the proposed solution to this problem and an overview of the project. Chapter 2
reviews the literature concerning games and learning; games and assessment, game design considerations
and introduces several games that are made for the sake of researching games for assessment by other
researchers. Chapter 3 goes into details of the methodology used in this study including the explanation of
the research design, materials used in the study and a detailed description of the participants and the
recruitment process along with the procedures used in order to administer the study. Data collection and
data analysis procedures are presented and explained in detail in Chapter 4 which is immediately followed
by the visual and numerical presentation of the results in Chapter 5. Chapter 6 closes the document by
providing the in-depth discussion of findings, explaining the results of the study, and recommendations
for future research. A list of references and more information about the study can be found at the end of
this document as appendices.
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CHAPTER TWO: LITERATURE REVIEW
Games and Learning
Educational games are a category of digital games that are designed to teach a specific skill or subject
while keeping the entertainment aspect of the game (play). Nowadays a lot of schools and teachers use
complimentary digital content such as educational digital games and simulations in order to enhance their
teaching and students’ learning experiences. Using these digital games the kids learn different concepts
such as math, physics, problem solving, etc without even noticing that they are learning a science concept
in practice. Sooner or later the traditional education system needs to transform to a new one which can
accommodate the needs of the new generation especially their craving for the technology and it seems
that digital games have a great potential for making this transition easier. However we need to first make
sure that using digital technology in education especially digital games will have some extra benefits for
the students. The question that we will try to answer in this section is: “what evidence exists to support
the idea that educational games are a useful and helpful medium for education?”

The Benefits of Digital Technology for Learning
Using digital technology especially digital interactive games to teach has several benefits for the students.
Miller (2008) describes some of these benefits in her book “Digital Storytelling: A Creator’s guide to
Interactive Entertainment “. A few of these benefits are as follows: Digital games engage multiple senses;
the player needs to be completely engaged and alert in order to complete the game successfully. Keeping
the students entertained makes the students enjoy the learning process more and volunteer for doing more.
Digital games are not only entertaining but they also enable the students to relax and focus on the game
(and the learning process) rather than being frightened by the possibility of being judged. That alone will
4

result in a better and more pleasurable learning experience. Digital Interactive games are also easy to
program to different levels for different content so they can be easily adjusted to different audiences for
different learning objectives (Miller, 2008).

Evidence on the Effectiveness of Games for Learning
Games have a great potential for acting as a learning tool since they are designed to teach you how to
play, be easily learned and then challenge you and test your skills right away. Results of several research
studies show that people can learn from games and obtain important 21st century skills.
According to C.Shawn Green (as cited in Hotz, 2012), “the Video games change your brain”. Games
change the brain’s physical structure like doing other activities such as playing piano or learning how to
read (Hotz, 2012). However digital games not only change the structure of the brain but also help you
learn a lot of other skills.
Following are a few examples of research studies on learning from digital educational and commercial
games showing that digital games can support learning in different aspects:
•

Video games help the players to obtain hypothesis testing and reasoning skills. According to
James Paul Gee (as cited in The positive, 2011), professor of education at the University of
Wisconsin-Madison, “playing a video game is similar to working through a science problem.
Like students in a laboratory, gamers must come up with a hypothesis”. For example, “players in
some games constantly try out combinations of weapons and powers to use to defeat an enemy.
If one does not work, they change hypothesis and try the next one”. He also mentions that “video
games are goal-driven experiences, which are fundamental for learning”.
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•

In another study, a simulation game was designed to assist the students to learn computational
problem solving. The results of the study shows that, “when learning computational problem
solving with a game, the students were more likely to perceive a “flow” (Csikszentmihalyi,

1990) learning experience than in traditional lectures” (Liu, Cheng, & Huang, 2011). Being in
the flow state results in a high level of enjoyment and engagement in the game which can lead
into higher motivation for solving the problems provided in the game and learning more.

•

According to Dye, Bavalier & Green (2009), playing “action video games force the brain to
make quick decisions”. The results of their study show that the people who played action games
could make decisions 25% faster than others without sacrificing accuracy (Dye, Bavelier, &

Green, 2009). Other sources suggests that “most expert gamers can make choices and act on
them up to six times a second—four times faster than most people, and can pay attention to more
than six things at once without getting confused, compared to only four by the average person”
(Hotz, 2012).

•

A study about shooting games shows that “experience with video games is related to better
surgical skills since the shooting games require hand-eye coordination and visual-spatial skills”
(Rosser, Lynch, Haskamp, Gentile & Yalif, 2007).

•

A study by the researchers at the Michigan State University showed that there is a relationship
between playing video games and being more creative regardless of gender, race or type of video
game played. The kids who played the video game were more creative in doing creative tasks
such as drawing a picture or writing a story (Jackson, Witt & Games, 2012).
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Video games also make learning more fun. Having fun in the games motivates the kids to keep playing
and ask for more. So by adding educational content into the games we can make the learning process
more interesting for them and they will voluntarily come back to do it again and again until they master
the game or the content. Following are a few examples of digital games helping students to learn about a
specific field or concept:

•

Kurt Squire (as cited in Shute & Ke, 2012) used a strategy game called Civilization in a high
school world history class. According to him, “players mastered many historical facts (e.g., where
Rome was located), but more importantly, at the end of the game, they took away a deep
understanding about the intricate relationships involving geographical, historical, and economic
systems within and across civilizations” (Squire, 2004).

•

Gamestar Mechanic is another game that is intended to teach kids basic game design skills and
also allows them to actually build their own games for themselves, friends, and family to play.
Torres (as cited in Shute & Ke, 2012) found that “kids who played the game developed systems
thinking skills along with other important skills such as innovative design” (Torrers, 2009).

•

The results of a study designed to assess the “learning effectiveness and motivational appeal of a
computer game for learning computer memory concepts”, shows that the “gaming approach was
both more effective in promoting students’ knowledge of computer memory concepts and more
motivational than the non-gaming approach”. The study also investigates the “potential gender
differences in the game’s learning effectiveness and motivational appeal”. They found that
“despite boys’ greater involvement with, liking of and experience in computer gaming, and their

7

greater initial computer memory knowledge, the learning gains that boys and girls achieved
through the use of the game did not differ significantly, and the game was found to be equally
motivational for boys and girls“. Overall the results suggest that educational games can be used as
a useful learning tool in high school CS regardless of students’ gender (Papastergiou, 2009).

•

In another study designed to see how kids learn science content and inquiry skills within a game
called Quest Atlantis: Taiga Park, Barab, Gresalfi and Ingram-Goble (as cited in Shute & Ke,

2012) found that “the middle school students learning with Taiga Park scored significantly higher
on the posttest compared to the classroom condition. The Taiga Park group also scored
significantly higher than the control condition on a delayed posttest, thus demonstrating retention
of the content relating to water quality” (Barab, Gresalfi, & Ingram-Goble, 2010; Barab et

al., 2007).

•

The final example is a study that was designed to examine “the effects of a computer game on
students' mathematics achievement and motivation, and the role of prior mathematics knowledge,
computer skill, and English language skill on their achievement and motivation as they played the
game” (Kebritchi, Hirumi, & Bai, 2010). The results showed that the experimental group had
great improvement of mathematics achievement versus the control group. However, the gaming
approach had no significant effect on motivation of the two groups.

In the examples above we demonstrated that digital games can be used as learning environments. But
traditional assessment approaches using multiple-choice tests or written exams may not accurately
measure the learning happening in such complex environments. The next section explores this issue.
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Games and Assessment
What’s the Problem with Traditional Assessment?
One of the biggest problems with using learning games for education is that there is no fair and matching
assessment environment available to assess the learning and performance of the students in the learning
games. Right now, in most of the schools, what students do is listening to the teachers talking in the class,
studying from the textbooks and memorizing all the material to be able to pass the tests later on rather
than learning and understanding the concepts by exploring and doing different tasks in practice. Also the
students are being judged by their grades from a single standardized test on a specific date and time and
not based on their progress, understanding of different topics and their ability to apply their knowledge to
real world problems. The problem is that the learning process and assessment are being considered as two
separate things. The students are being judged separately by their performance in the tests, and the rest of
the learning process is being ignored as potential sources of data for assessment. It’s not easy to determine
how students’ decisions and actions in our current tests relate to their overall development and progress
during the learning process. So we need a new method that can show what the students learn over time,
and can explore how they apply their knowledge to solve problems.

Formative Assessment and Digital Technology
In order to solve the separation problem the new method should integrate assessment with learning.
Although the traditional education system separates the learning and assessment, a lot of people
nowadays think that the process of learning and assessment should be combined and the learners will
never stop learning, even during or after the test. This concept is being referred to as “formative
assessment”.
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Cowie and Bell (1999) define formative assessment as "the process used by teachers and students to
recognize and respond to student learning in order to enhance that learning, during the learning”. Nicol
and Macfarlane-Dick (2005), state that "formative assessment aids learning by generating feedback
information that is of benefit to students and to teachers”. The digital technology provides a great toolset
for capturing, collecting, visualizing and analyzing data and for that reason it can be a great tool for
implementing technology-based formative assessments. Using digital technology we can constantly give
the learners several learning tasks and assess their knowledge by collecting all kinds of information
during the learning process, monitoring their progress and giving useful feedback for taking next steps. In
doing so, the digital technology can provide us relevant information about the students’ progress, different
decisions they have made and different paths and actions they have taken in order to learn the material.
That being said, formative Assessment is the type of the assessment that we need to invest in, since it
combines the learning and assessment process. the feedback received from the assessment can be used to
inform the teachers of the students’ missing skills, and help the students learn more and polish their skills
during the learning process rather than waiting until the learning process is over. However, a good
assessment method that can accommodate the needs of students and teachers in the 21st century should
have other characteristics as well. Before we design a new assessment method we need to see what we
need to change about the traditional methods and what characteristics the new method of assessment
should have.

Good Assessment Characteristics
Besides the separation of learning and assessment, there are a few more problems with our current
assessment methods, that Shaffer & Gee (2012) also mention in their work. These features need to be
changed or adjusted in order to create our desired assessment environment:
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1) The students have to memorize the material they learn and then they have to be able to write the
information down on the test but they will forget all they have learned sooner or later after the test
and they most probably will not be able to apply their knowledge to a real world problem.
2) Our traditional methods of assessment are incapable of assessing students’ more abstract skills
such as creativity, teamwork, system thinking, etc and they are totally undervalued in the
traditional system.
3) Traditional assessment treats all the students the same and assumes that they are all coming from
the same background and have been exposed to the same kind of training and learning material.
However that is almost never the case since the students are coming from different families with
different cultural and financial backgrounds and they have very different levels of experience
with the real world.
So we need to provide an assessment environment that 1) requires the students to apply their knowledge
to a real world problem and use their problem solving skills rather than their memorization skills,
2) enables us to capture and demonstrate the students’ more abstract skills and 3) facilitates the
measurement of students’ growth rather than level of knowledge at a specific time and 4) provide the
missing learning material and resources before or during the assessment (Shaffer & Gee, 2012).

Why are Games a Good Option?
Among the several types of digital media used by youth, the prominent medium that involves problem
solving is digital games. Games are designed to challenge the player; the role of the player in the game is
to solve the problems being provided for him/her. Another reason that makes the digital games a good
environment for assessment is that games always put assessment first by providing the challenges and
problems in the game and then try to teach the player how to overcome the challenges by using the
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information and tools provided in the game. Digital games are also great environments for demonstrating
players’ creativity, teamwork and other abstract skills mentioned earlier.
Shaffer & Gee (2012) discuss the characteristics of a good assessment environment in their work and
explain why games can be a potential option in more details. Here we take a brief and closer look at some
of the characteristics of digital games which they mention and discuss why games can be a good
assessment environment:
-

Integrating learning and assessment: By providing constant feedback, digital games can
combine the learning and assessment process into one environment. The player takes actions in
order to solve a problem [providing an opportunity for assessment] and gets feedback about what
worked and what did not and from that feedback he/she learns what to do next[learning].

-

Problem solving: Games are designed to challenge the player by providing different problems
and actionable paths to solve the problem. Players have to use the information and the tools
provided in the game in order to solve the problem.

-

Providing feedback: Games provide all kinds of information about what the player is doing in
the game. This information is being used by the player in order to understand how they did in the
game and if they are lacking any skills or information.

-

Preparation for future learning: Games not only can assess what the player has learned they
can also show how he/she is ready to face more difficult challenges of the same kind in next
levels. Most of the games require the player to master the level before moving into next levels
and that ensures the player is ready for learning more.
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Shaffer and Gee (2011) summarize the idea of games for assessment pretty well:
Deep down, games do not just “have good assessments built into
them.” Games are nothing but good assessment. The player is always
being tested, given feedback, and challenged to get better. Good game
design starts with the question: How will the player be tested? The
design follows from that: How can we help the player pass the test?
How will we know the player has passed the test? If the player can
pass one test, what’s the next test he or she should be able to pass on
the way to mastery? How do we know the test is fair? These questions
lead games to incorporate good learning designs precisely because
they have first incorporated good assessment designs. Good games
achieve good learning because they do not set out, first and foremost,
to teach. They set out to assess, and their approach to assessment
leads to good teaching and learning. – (Shaffer & Gee, 2011)

Examples of Games for Assessment
According to Delacruz, Chung & Baker (2010) “games can be used as formative assessments, as well as
for criterion trials, either to determine the level of performance of an individual or to gauge the speed and
agility with which a learner acquires a new set of skills in an unfamiliar game environment “. Following
are a few examples of the research work done on this topic:
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Puppetman
Puppetman is a math game made by researchers at National Center for the Research and Evaluation,
Standards and Student Testing (CRESST) and developers from the University of Southern California
(USC). The study is designed to investigate the “validity of games as assessment environments” by
looking for a correlation between the “students’ math knowledge and their performance in the game”
(Delacruz, Chung & Baker, 2010).The game’s design is based on two simple concepts: 1) Defining a
unit and 2) Addition of rational numbers. The fact that the game is based only on these two concepts (kept
simple and small) makes it easy to play and makes the learning curve not so steep. “The gameplay
focuses on the idea that all rational numbers are defined relative to a single unit quantity (e.g. a unit of
count, measure, area, volume) and that rational numbers can be summed only if the unit quantities are
identical. Players need to determine the appropriate units to navigate from a starting point to a goal”
(Delacruz et al., 2010).
In this study 134 high school students played the game for 30-40 minutes each after taking a pre-test
which consisted of several mathematical questions such as adding fractions. After playing the game they
took a post-test, which included the same material from the pre-test and some additional math questions
using game features from the Puppetman game. Also via another questionnaire the researchers collected
background and interest information about games and mathematics. According to Baker & Delacruz “the
results of the study indicate that game performance significantly predicts posttest scores, even when
controlling for prior knowledge. These results provide evidence that game performance taps into
mathematical understanding.” (Delacruz et al., 2010).
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BELLA
BELLA is a bit different from Puppetman in terms of gameplay, research goals and learning objectives.
BELLA is designed to “support the student learning of vocabulary and math” by integrating assessment
and learning into an interactive gaming system that includes written conversations, math activities, and
oral and written feedback in both English and Spanish” (Zapata-Rivera, VanWinkle, Doyle, Buteux &

Bauer, 2009). At the beginning of the game the student chooses and customizes a character and selects a
friend who will be with him/her in the game. The goal of the game is to help your character interact with
other characters in the English-Match virtual city and participate in different activities. Each activity
provides a scenario that the student needs to follow, interact with the characters that provide feedback and
guidance and solve different math and vocabulary problems. Each of these activities is an embedded
mini-assessment. Evidence of the students’ knowledge is being collected through their interaction with
other characters and his/her performance on these various math and vocabulary activities (Zapata-Rivera

et al., 2009).

SimCityEDU
SimCityEDU is an educational version of the commercial game SimCity being made by GlassLab from
Institute of Play. The game is designed to provide specific challenges in the subject area of STEM
(Science, Technology, Engineering and Mathematics) for sixth graders while keeping the SimCity’s city
management theme. “SimCityEDU grew out of research conducted by the MacArthur Foundation on
how gaming can mirror formative assessments – measuring understanding regularly along the learning
path, rather than occasionally or at the end of a unit, as is most common” (as cited in Schwartz, 2013).
The game includes several challenges that require not only knowledge on the topic but also doing
activities such as interviewing people, documentation and taking pictures, analyzing the collected
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information, etc. The game collects data during all these activities; the teachers will be able to monitor the
students’ progress during the game play time (Schwartz, 2013).
This game is a very good example of a bigger game-based assessment environment which takes the
assessment mini-games to the next level by expanding the environment, the scope of the game and the
learning objectives. It also involves both teachers and students. This game will probably be designed
more accurately than other existing assessment games in terms of knowledge assessment. However, it will
probably be substantially more complex than mini-games like Puppetman (or the current project) which
focus on only one or two concepts, or than interactive text-based environments like BELLA.

Research on Game Design Features
Our challenge in designing a successful assessment game is to design a game that is inviting enough for
the players to start playing, enjoyable enough for them to keep playing and challenging enough that they
don’t give up on the game or don’t get bored (Gee, 2003). So in order to keep the game challenging yet
enjoyable, the game needs to have several elements such as good looking visuals, enjoyable game
mechanics, a good narrative, etc. Good game mechanics are always the most important thing about
designing a successful digital game. Good-looking visuals always can come with hiring skillful artists.
Narrative in games accompanied by good-looking visuals can help the player to visualize the challenge
and problem at hand better and relate more to the characters in the game. Such measures may increase the
players’ motivation to spend more time on the game and put more effort into polishing their skills in order
to overcome the game’s challenges. However, we still need to make it realistic enough that the players
can apply their real world knowledge and experience to the game in order to solve the problems.
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CHAPTER THREE: METHODOLOGY
Research Questions
This research will ask the following questions:
1. What is the effect of an assessment game – in this case a puzzle game about Boolean logic –
on learning performance of undergraduate students, compared to a control group?

Hypothesis: Students who had participated in the study and played the assessment game
[treatment condition] will outperform the control group [who did not play the assessment game]
in the future tests related to Boolean logic.

Rationale: Participation in the study and playing the assessment game provides a visual and
interactive formative assessment environment which enables the students to receive immediate
feedback about their performance that consequently will positively affect their learning
performance.

In order to investigate this question a few other questions need to be posed and answered
properly. These questions are as follows:

1.1.

How can a game be designed to measure learning of a specific concept?

This question is more of a [game] design question and will be answered by describing the
experience and explaining the findings of the principal investigator during the game design
process for this study. The complete design process is described in this chapter later on.
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1.2.

In what ways might learning be effectively measured by games which were designed for
that purpose?

A list of potential in-game measures of performance were proposed by the principal
investigator in order to be used in the study. A few of these measures were then chosen to be
tested with the students. Suggestions about the use of other in-game measures are included in
Chapter 5.

1.3.

What measures of performance (if any) within this game reliably correlate with the
subjects' prior knowledge of the material and their future test performances?
This question will be answered by investigating the correlations between the students’ inclass performance, several test scores and the chosen in-game measures which will represent
their game performance. These measures are explained in more detail in the Evaluation Plan
section in this chapter.

Besides answering the questions mentioned above the effects of a few other background or demographic
variables that could potentially have an effect on the learning performances of the students in relation
with the assessment game were investigated. Some of these variables are as follows:
-

Gaming background

-

Programming background

-

Field of study

-

Favorite subject

-

Gender

-

Etc.
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Research Design
In order to investigate the research questions mentioned above quasi-experimental design was used and a
2 x 1 [2 groups, 1 independent variable] study was designed.

Table 1 - Research Design Notation
Condition

Notation

Treatment Group

NR

O

Control Group

NR

O

X

X

X

O
O

There was one control group and one treatment group included in the study in which the treatment group
was presented with learning materials concerning the Boolean logic principles that were embodied in the
game prior to the study and then they played the game and their decisions and actions were recorded. The
control group consisted of a group of students of similar backgrounds to the treatment group, who didn’t
participated in the study but were tested along with the treatment group on a couple of tasks and the same
observations were made. The two groups' performances on several tasks were then analyzed to see if
discernible patterns occur. Details of the study design are described in the following sections.

Description of Conditions Used in the Study
Control Group
A group of undergraduate students were used as the control group for the study. These students did not
participate in the study hence did not play the assessment game. However they participated in the
activities designed outside of the study to assess their prior knowledge of the concepts presented and their
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future test performances. The control group’s data were used in order to investigate the study’s main
research questions, the effects of the participating in this study and playing the assessment game. A total
of 59 non-participant students were included in the control group for data analysis and comparison of the
dependent measures.

Treatment Group
The treatment group consisted of the students who participated in the study and played the assessment
game and completed all the surveys and other test materials provided during the study. Total of 58
students participated in the study which the data from 44 of them were included (after removal of partial
data and outliers) for data analysis and comparison of dependent measures.

Dependent and Independent Variables
The study has one main independent variable and one dependent variable.

Independent variable (IV): Condition (Treatment vs. Control)
Levels: 2 – “Played assessment game” and “Didn’t play assessment game”
Description: The independent variable has 2 levels which form the two conditions of the study. The first
level is “Played assessment game” which forms the treatment condition and consists of the students who
participated in the study and played the assessment game. The second level is “Didn’t play assessment
game” which forms the control group and consists of the students who didn’t participate in the study.
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Dependent variable (DV): Final exam test performance
Description: Final exam scores of both groups (as graded by the course instructor, Gideon Shbeeb) will
be compared in order to find the effects of the independent variable.

Besides the main IV and DV of the study, each of the activities within the treatment group were
considered as variables in order to investigate the other research questions regarding the correlations
between these activities. The variables which were investigated are as follows:
-

-

Boolean logic achievement measures:
o

Logic Story assignment (grades)

o

Final exam (grades)

o

Test 1& Test 2 (grades)

Game performance measures:
o

Total game time

o

Total number of tries

Materials and Instruments
Below you can find a brief description of the materials and instruments used in this project. Each
item will be described in more details afterwards.
1) Class Assignment: The students in both control and treatment condition were given a
programming assignment which required them to use Boolean logic and logical operators
along with some other programming concepts in order to complete the assignment. The
assignment was given to the students by the course instructor via Webcourses several
weeks before the study.
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2) Pre- survey: Demographic questions and questions regarding gaming background,
programming background, interest in programming, etc were asked in this survey. The
pre-survey was the first step in the study.
3) Pre-test: A multiple choice test related to Boolean logic and logical operators was taken
as a baseline for the prior knowledge of the treatment group before playing the game. The
pre-test was the second step in the study.
4) Assessment game: A puzzle mini-game was designed as the assessment game. The game
presented Boolean logic and logical operators’ concepts and was designed in a way that
required the students to use their programming and logic knowledge in order to pass each
level. The details of this game will be described later on in this chapter. The assessment
game was the third step in the study.
5) Post-test: The post-test was a multiple choice test identical to pre-test which was
administered after playing the game to compare the effect of the game before and after
the game play. The post-test was the fourth step in the study.
6) Post-game survey: Questions in regard to perceptions of performance, opinions on the
game and opinions on using games for learning and for assessment were asked. Several
open-ended questions and Likert scale questions were used in this survey. The postsurvey was the fifth and final step in the study.
7) Final Exam questions: 6 questions regarding Boolean logic and logical operators were
designed by the course instructor as part of the final exam.
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Implementation of the Study’s Materials
Study’s Website
All the study materials were brought together before the study in the form of a website with hyperlinks to
each item in the study. This website was made in pure HTML by the principal investigator in order to
facilitate the administration of the study and the navigation between the study materials on the day of the
study. Figure 1 shows the screen shot of the study’s website.

Online Survey Software
A free and open source online survey tool called LimeSurvey was used in order to create the surveys and
collect data from them. The same tool was used in order to create the tests and collect data from them.
Figure 2 shows a screen shot of the pre-survey of the study made using LimeSurvey.

Figure 1 - Study’s Website
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Figure 2 - Sample Pre-Survey Made in LimeSurvey

Screen Capture Video Recording Software
Free license screen capture software called BlueBerry Express was used in order to record the game while
the participants were playing the game. The software only recorded the screen and not the participant’s
face. There are options available in the software to capture participants’ faces and voices via webcam and
microphone. However none of these features were used in this study.

Figure 3 - Screenshot of the Screen Recorder Software: BlueBerry Express
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In-class Assignment
This assignment was a programming assignment in which the students were supposed to create an
interactive “choose your own adventure” style story in Adobe Flash and ActionScript 3.0. The
programming knowledge required for completing this assignment was aligned with the instructions in the
classroom, both in lecture and lab sections. The teaching assistants who taught the lab sections made sure
to cover the programming requirements prior to the assignment deadline in the classroom by providing
several examples and code samples. This assignment was designed by the course instructor and was
given to both groups, several weeks before the study, in order to create a baseline for prior knowledge of
Boolean logic and programming concepts. Description of the assignment and the grading rubric can be
found in appendix A. Although the description of the assignment was very concise the course instructor
provided the students with a full list of expectations and the students were allowed to ask questions
regarding the assignment in person to clarify all the details and requirements of the assignment.
Later on, the assignments were graded by the instructor of record and the grades data was associated with
the participants IDs before the beginning of the data analysis phase. The assignments were graded and
matched with the IDs by the course instructor in order to avoid breaking FERPA rules and regulations.
More details in this regard can be found under the data collection procedures section.

Final Exam
The final exam questions were also given as a measure of future performance and retained knowledge of
Boolean logic. Six questions were presented on the final exam which were also very similar to the
questions presented on the pre-test and post-test. The final exam questions can be found at appendix F.
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Surveys
Pre-Survey
The pre-survey consisted of 17 questions including the participant’s ID, demographic questions and the
comment box at the end of the survey. Question items in the pre-survey were as follows:
-

Demographic questions such as Age, Gender, Field of Study/ Major/ Minor were asked at the
beginning of the survey.

-

Then several questions regarding programming background and interest in different items were
asked. These questions included items such as Favorite subject, programming background,
interest in programming, perception of self-programming knowledge, performance in math class.
These items were used as a measure of programming background and the data collected from
these items were used in the data analysis phase in order to investigate any correlations between
the programming background and game performance.

-

Following these questions, several questions regarding their gaming background were asked.
These questions included hours playing games per week, genres of games they play and platforms
they play games on. These items were used as a measure of gaming background and the data
collected from these items were used in data analysis phase in order to investigate any
correlations between the gaming background and game performance.

-

The pre-survey was concluded with two questions regarding their opinion about games for
learning and their experience with educational games.

A complete version of the pre-survey can be found at appendix B.
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Post-Survey
The post-survey included 12 questions total.
-

Several questions regarding the self-perception of performance in several test items were asked at
the beginning of the survey.

-

The questions were continued by asking open-ended questions on their opinions about using
games for learning and games for assessment.

-

The survey was concluded with open-ended questions in regard to the design of the assessment
game, what they liked about it and what they didn’t and their overall opinion of the study.

A complete version of the post-survey can be found at appendix E.

Pre-Test and Post-Test
The pre-test and post-test were identical multiple choice tests which included 17 questions on Boolean
logic, logical operators, logical expressions and order of operation in logical expressions. These questions
were designed by the principal investigator after researching and investigating several test samples related
to these topics. The two tests were used as a measure of understanding of Boolean logic concepts. The
pre-test was administered before the assessment game in order to create a baseline for prior knowledge of
the students in relation to Boolean logic concepts. The post-test was administered after the assessment
game in order to compare the grades of both tests and find out the effects of the assessment game on
learning performance of the students. A complete version of the pre-test/post-test questions and their
answer keys can be found at appendix C and appendix D.
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Assessment Game Prototype
Overview of Game Design Process
In this section the creative game design process for designing assessment games is explained with details
specific to this project. First, the steps of the process are explained briefly and the details of each step in
relation to this project follow. Below are the steps that one may take in order to design an assessment
game:
1) Compare the traditional assessment method and game assessment and determine the basic
features that are needed to be incorporated in your game. In the following section, table 2 will
demonstrate these similarities and differences. In this table you can see the decisions which were
made for this game project and the features which were included in the game. These are the basic
features that create a framework for your assessment game and can be considered as the skeleton
of the assessment game.

2) When you have created the skeleton and decided what features should be included in the
assessment game, you need to provide the assessment contents and determine the knowledge
requirements for the assessment game. This can be done by creating a list of the knowledge
expectations and specifications about what concepts and knowledge is needed in order to
complete the levels successfully. By doing this you determine the scope of the game and
consequently the concepts presented in each level. Table 3 in the following section demonstrates
the knowledge specifications used in this project.

3) When you have created the list of knowledge specifications, break them down into smaller related
pieces and consider each piece a level in your assessment game. For example in this game we
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created 5 levels and in each level we presented one or two new concepts that are related to each
other. Try to sort the concepts by difficulty first, and present the easier ones at the beginning of
the game and gradually present more difficult concepts in the next levels. Table 4 in the following
section provides a description of the levels created for this project.

4) When you have determined the concepts presented in each level, write down a list of possible
game objects based on the assessment concept. The game objects can be directly extracted from
the concepts presented in each level. Ask yourself what are the essential elements that create this
concept? You can visualize and determine the game objects more easily if you draw the idea on
paper. Imagine that you are trying to show the solution of the question, or present the concept to
someone who can’t understand the theory part. The shapes and objects that you may draw on
paper in order to explain the concept will most easily translate into your game objects.

a. For example in this game we had logical operators and inputs so all the operators, true
and false inputs, etc became game objects. These are the game objects that must be
present in the game in order to completely present the concept as if it was a simulation. If
any of these objects were missing the assessment concepts couldn’t be fully presented.
For example a logical expression without a logical operator does not make sense so that
shows that the logical operator is an essential game object and all different types of it will
become a separate game object. Same thing for the inputs. An operator needs one or more
inputs so the game must have an input game object and one game object for each input
type. Continue until you have a list of the essential game objects for the assessment
game.
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5) When you have the necessary game objects, start thinking of relationships between these game
objects and different dynamics between each two or more objects. Think about how your
assessment criteria will map into your game mechanics. These dynamics and relationships
determine your basic game mechanics and they need to match your assessment criteria. Try to
break the more complicated concepts into smaller easier to digest pieces and visualize and
translate them into another form so the students can imagine the same concepts that seem difficult
to them from a different view which may seem easier (You can find the assessment specifications
and their associated game feature for this project in table 5).

a. For example for our game, the most important and complicated relationship in order to
solve a logical expression is determining the order of operation and finding the smallest
expression with the highest priority. That fact determined the game mechanics which was
to visualize the logical expression, determine the smallest piece and highest priority and
translate it into another form. We represented the order of operation by showing the level
progression and its game objects from the left side of the screen to the right side. So the
expressions with highest priorities were on the left and their outputs leading into the
expressions on the right. We also represented the logical expression in the form of logic
gates, connecting the game objects with lines as if we are connecting logic gates with
wires so we translated the concept from pure logic into computer hardware form which is
more visual and understandable.

6) Now that you have all the essentials, you can add more features to make the game more fun.
Think of small challenges that you can add on top of the assessment criteria to make the game a
little bit more challenging (not too much so it doesn’t affect the assessment validity). You can add
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timed levels, power ups or other incentives for completing smaller tasks in the game. This is
where you create and finalize your level design.

Detailed Description of Game Design Process
The steps explained above are the steps used in order to design the assessment game prototype made in
this project. The details of each step follow in the next section:

Step 1: Traditional Assessment vs. Game Assessment
In order for an assessment game to be designed, one can first think of the similarities and differences
between the two types of assessment and then try to design the game based on the characteristics of the
traditional assessment. In order to design the assessment game used in this study, a similar process was
used by creating a table of differences and similarities of the two methods. Similar to the process of
designing a traditional assessment, several design decisions must have been made before starting the
actual game design and development process. Most of these decisions were made due to the
characteristics or limitations of the study. For example the topic of the assessment and concepts presented
was determined by the limitation of our sample and subjects’ backgrounds. Due to having participants
from the Digital Media major the contents of the game and the topic of the assessment must have been
something that is being covered in the program and in the specific course that the students are enrolled in
and being recruited from in the time of the study. Each of these items and the decision making process
depends on the game being designed and the assessment’s characteristics and it may not be the same for
all the assessment games being designed. Table 2 demonstrates some of these similarities and the
decisions which were made to prepare for the game design phase:
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Table 2 - Traditional Assessment vs. Game Assessment: Similarities and Differences
Traditional Assessment

Game Assessment

Decision Made/ Prototype

Test Topic, Assessment

Game Mechanics:

Boolean Logic.

Concepts:

In almost all the cases the

What is the topic of the test?

assessment topic will lead you

What are the concepts being

towards the game mechanics that

presented and evaluated on this should be used in the game.
test?

Game artifacts and interactions
can be extracted from the
knowledge specifications of the
traditional assessment concepts.

Exam Time

Total Game Time

About 15-20 minutes max

Number of Questions

Number of Levels

5

Grade in the exam

Game Score

Combination of all the in-game
measures

Level of Difficulty of Questions

Level’s Difficulty

Starting from very basic and
gradually making it harder
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Traditional Assessment

Game Assessment

Decision Made/ Prototype

Solution of the Question/

Solution of the Level

Solution of the level can be
checked by comparing the order

Correct Answer

of artifacts used by the player
against the level’s ultimate
solution presented in the answer
key.

Question points, grading rubric Level score:

A scoring system based on the

How close to the solution?

How close to the solution?

game design should be created.

Number of mistakes + points

Number of mistakes + points

Normally the player will be
scored based on the number of
mistakes they have made in the
level and/or number of correct
moves and points that they have
earned. No scoring system was
created for this game prototype.

How many attempts before

Number of Tries:

In order to facilitate the process

finalizing the answer or finding

How many attempts before

of recording data for number of

the correct answer?

finding the solution to the level.

tries in the game prototype an

This option is not available in

All the stats above can be

“electricity switch” was added to

traditional assessment

monitored in each try so you can

the game which the students had
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Traditional Assessment

Game Assessment

Decision Made/ Prototype

follow the student’s thought

to turn on before seeing the

process by watching their

results of their decisions about

decisions in each try.

the level’s solution. When the
switch was turned on, nothing
could be changed in the game
and the output was calculated. If
the solution was correct the
“light” at the right side of the
schematic diagram would then
turn on. If not, the students had to
turn off the switch and try again.
At this point Number of Tries
value was increased by 1 unit.

Feedback from the test:

Immediate feedback:

For example in this game

Normally feedback from the

Games have the capability to

prototype we used intermediary

test will be received after

give the students immediate

output cells in order to visualize

grading the tests by the

feedback on their decisions and

the output of each operator which

instructors and not all the

answers to the challenges

would then help the students to

students follow up with their

presented to them by giving them

realize what the results of their

instructor to figure out their

implicit hints using the game

decisions are and if they have

mistakes.

artifacts and game interface.

made a mistake or are on the

This is one feature of the digital

right track.
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Traditional Assessment

Game Assessment

Decision Made/ Prototype

games that makes them suitable
for formative assessment. The
students learn from the
intermediary feedback and will
correct themselves in their next
moves.

Does not exist

Story mode, theme of the game,

These are other game design

cut scenes, game characters,

features which can be

visual and audio feedback

incorporated in the assessment
game to make it more appealing
and fun to play. However the
effects of each of these features
such as existence of story, game
characters, audio feedback, etc
should be investigated in other
studies to ensure the validity and
reliability of the design. Refer to
discussion section for more
details.

The second step was to determine the knowledge specifications and expectations for the assessment
game.
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Step 2: Knowledge Specifications
The table below demonstrates the concepts which were incorporated into the game and with which the
students were expected to be familiar. These concepts were covered in the DIG2500c course lecture and
lab sections during the semester before the administration of the study.

Table 3 - Knowledge Specifications of the Targeted Learning Material
Specification

Expected Answers

What are TRUE and FALSE inputs

What are the logical and arithmetic
operators

How are these operators represented in
programming languages?

How do the logical operators react to
TRUE and FALSE inputs

How many inputs do each of the operators
accept
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•
•

TRUE = 1
FALSE = 0

•
•
•
•
•

AND
OR
NOT
Greater than
Less than

•
•
•
•
•

&& for AND
|| for OR
! for NOT
> for greater than
< for less than

•

Truth tables for each operator
 AND
 OR
 NOT

•
•
•
•
•

AND:
OR:
NOT:
Greater than:
Less than:

2 or more
2 or more
1 only
2 only
2 only

Specification

Expected Answers

What is the order of operation (only tested
in multiple choice tests, visualized in the
game by order of the gates presented to
them)

1.
2.
3.
4.
5.

•

Must also know that the TRUE output
turns the light on!

Parenthesis
> and <
NOT
AND
OR

Explained in the tutorial so they know the
goal of the game is to get TRUE output

Step 3: Levels
The game was presented in 5 levels. Each level was testing a specific concept or combination of concepts.
Level 1 was the easiest level and the levels were gradually becoming more complicated with level 5 being
the most complicated level. Screenshots of all the 5 levels and the gameplay can be found at appendix G.

Table 4 - Description of the Game Levels
Level

Description

1

Basic Game Mechanics, Introduction of True and False inputs, using the switch

2

Introduction of logical operators AND, OR, NOT

3

Introduction of intermediate outputs, order of operations, one input NOT gate

4

Introduction of multiple inputs games, Direct input

5

Open play mode, introduction of integer variables and > and < operators
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Step 4: Assessment Specifications for Game Design
Step 4 and step 5 can be done at the same time and the results go hand in hand. For that reason the
assessment specifications for game design are introduced first and the game objects and other elements
which are the outputs of these specification are introduced afterwards.
The table below summarizes the interrelations between the assessment objectives and how they were
implemented in the game using the game objects and mechanics to ensure alignment among learning
objectives, assessment items and game design.

Table 5 - Assessment Specifications and Associated Game Features
Assessment specification

What is the goal state?
1) Given a logical expression with specified

Game feature

Each level presents the player with one of these 4
situations. In almost all of the levels the goal is to

operators and input values, be able to

turn the light on which means the output is specified

calculate the output.

and is equal to TRUE. The rest is up to the player to

2) Given a specified output, be able to
construct a meaningful logical expression

determine which of the 4 situations they are in and
what is the solution to that situation.

in order to achieve the desired output.

-

Level 1: Option 3

3) Given a specific output and a specified set

-

Level 2: Option 4

of operators, be able to calculate the

-

Level 3: Option 5

correct input values.

-

Level 4: Option 5

-

Level 5: Option 2

4) Given a specific output and a specified set
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Assessment specification

Game feature

of inputs, be able to determine the correct
operators which should be used.
5) Given a combination of the options above,
be able to find the solution.
6) with some missing operators or inputs, be
able to figure out the right operators and
inputs in order to obtain the desired output

What pieces of information or data have been

In each level, depending on which goal state is

given?

designed for that level several game artifacts are
available to the player to help them find the solution

-

Full logical expression

to the level. These game artifacts are fixed and

-

Output only

cannot be changed by the player.

-

Inputs only

Some information is also implicitly given using the

-

Operators only

game interface. For example any slot which should

-

Combination of the above options

be filled with a NOT operator has only 1 input
shown. If the player knows that the NOT operator
accepts only one input he/she can use that as a hint
for finding the answer to the rest of the pieces.

What are the rules?

If the chosen operator doesn’t match the slot’s

Not all the operators are appropriate for all kinds

inputs, no output feedback will be given. For

of input. For example when presented with a slot

example if a slot with 2 inputs are presented, a NOT

39

Assessment specification

Game feature

having 2 inputs, a unary operator such as NOT

operator cannot be used in that place or otherwise

cannot be used.

there will be no feedback received from the game.

How can the goal be achieved?

Determine the appropriate inputs and operators

Depending on the logical expression or the desired

which are needed to get a TRUE output. Most of the

output, appropriate operators and inputs should be

levels can be solved with the use of reverse

used.

analyzing the solution. Determine what inputs are
needed for the last operator to have a TRUE output.
Based on that, determine which other operators or
inputs are connected to the last operator and find the
correct needed inputs and operators for those pieces.
Repeat until you reach the lowest level. The lowest
level is always presented on the left side of the
screen and the highest level which includes the
output connected to the light is always on the right
side of the screen.

Step 5: Game Play
After creating the table above and making required design decisions the actual design process was started.
The game was initially designed on paper. The design process started with brain-storming of the possible
level designs and sketching several levels on paper. Then some of the promising sketches were chosen to
be more polished. The polished sketches became the level designs which were eventually used in the
game. Other features such as the electricity switch and extra operators in level5 were later added to the
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game in order to make the game more challenging. These features were added to the game after one round
of pilot testing with 5 undergraduate digital media students who were not enrolled in DIG2500c in Spring
2014 semester and had actually already passed the course previously so they had the necessary knowledge
of the Boolean logic and logical operators in order to play the game.
The game was implemented in Adobe Flash and was programmed in ActionScript 3.0. Since the game
was designed and implemented solely by the principal investigator of the study it took about 4 months to
design, develop and test the game.

Tutorial:
The game started with the tutorial providing text-based instructions on the game objectives along with
images explaining the interactivity of the game and the interface. Each screen of the tutorial included a
“next” button which would allow the player to take their time and read the instructions and hit the button
whenever they were ready to proceed to the next screen. When all the tutorial material was presented, in
the last screen of the tutorial, a message was presented to the player asking them if they are ready to
proceed to the game. When ready, the player would hit the next button and level 1 would be presented at
that time. Total of 9 screens were dedicated to the tutorial and explanation of the game objectives.
Screenshots of the tutorial screens can be found at the beginning of the appendix G.

Win Condition:
The goal of the game in each level is to turn on the light connected to the last operator. Players should
know that when the light is on, it represents the value of True, so that the player must try his/her best to
get a TRUE output from the last operator. This goal is also mentioned in the tutorial as a refresher of the
concept.
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Figure 4 - Win Condition and Output Light States

Operators and Inputs:
All the operators and inputs available in each level are presented at the bottom menu of the game
interface. All of these objects are drag-enabled and can be dragged and dropped into different slots.

Figure 5 - Game Objects: Operators and Boolean Input Values

Empty Slots:
The game includes two types of empty slots, in the form of a box with a question mark inside of it and a
colored border around the box. These boxes are different in size and in the color of the border around
them. The smaller box with the blue border represents an empty slot for a TRUE/FALSE input and the
bigger box with the orange border represents the empty slot for an operator.
In each level the player is presented with one or more empty slots; they will then need to figure out which
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operators and inputs must be put in them. The player must fill all the empty slots by dragging one of the
game objects to each of these empty slots before turning on the electricity switch. The solution of the
level will not be checked against the player’s solution if any of the slots remain empty when the switch is
turned on. The player will receive a warning message if this happens.

Figure 6 – 2 Types of Empty Slots

Output Boxes:
In some of the levels there are output boxes connected to the right side of some of the intermediate
operators which would show the intermediary output of that operator before connecting to the next
operator via the second operator’s input. The contents of these boxes changes automatically depending on
what inputs and operators are in place.
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Figure 7 - Output Box before Showing the
Feedback

Figure 8 - Output Box after Showing the
Feedback

Electricity Switch:
There is an “electricity switch” on the top right corner of the game interface which allows the players to
test their solutions against the level’s ultimate solution. If their solution exactly matches the solution of
the level (or one of the possible solutions of the level) the light will turn on; If not the light will remain
off. Every time the switch is turned on, all the game objects will be disabled so the player cannot change
anything until they turn the switch off. The purpose of this switch is to break the simulation to discrete
number of steps that can be counted.

Figure 9 - Electricity Switch
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Timer:
A text label on the top of the screen will also show the time spent in the game and in that specific level, in
seconds. When the light switch is turned on the timer will be paused and when the switch is turned off the
timer will continue ticking. This is to keep record of the time spent in the level as an in-game measure.

Figure 10 - Timer of the Level Showing Time Passed in Seconds

Error Message:
There is also one type of in-game message which will appear on the screen if the player attempts to turn
on the light switch before filling out all the empty slots. The message will explain that you cannot turn the
light on before completing the slots. The message box will be closed by clicking on the X button on the
top right corner of the message or anywhere else on the game screen.

Figure 11 - In-game Error Message Warning the Player about Incomplete Solution
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Step 6: Level Design
-

Level 1: Level1 was the simplest level and was designed to evaluate the player’s knowledge of
logical operators and the inputs needed in order to get a True output. . An AND operator was
already in place to give the player a hint about the desired inputs. The player must use 2 TRUE
inputs in order to get a TRUE output and pass this level. There was only one solution to this level.

Figure 12 - Level 1 Design

Figure 13 - Level 1 Solution

-

Level 2: Level2 was similar to level1 but was presented in an opposite way by asking for the
correct operator for the presented inputs. One TRUE and one FALSE input was already put and
fixated in place to give the player a hint about the desired operator. The player must use an OR
gate in order to get a TRUE output and pass this level. There was only one solution to this level.
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Figure 14 - Level 2 Design

Figure 15 - Level 2 Solution

-

Level 3: Level3 was designed in a way to present the order of operation. The operators and inputs
on the left side of the screen would determine the required operators and inputs on the right side
of the screen. The one input empty slot which represents the need for a NOT operator is
introduced for the first time in this level. An AND operator and a TRUE input were already put in
place to hint to the player the possible options for the empty operator and input slots. The one
input empty slot would require a NOT gate and the AND gate at the top would require 2 TRUE
inputs. Placement of these game objects would result in visualization of the intermediary outputs
via the output boxes. The output boxes are introduced for the first time in this level as well.
Considering the outputs shown in the output boxes, the player should realize that the third
operator needs to be an OR operator. There was only one solution to this level as well.
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Figure 16 - Level 3 Design

Figure 17 - Level 3 Solution

-

Level 4: Level 4 was relatively easy compared to the previous level but it was different from
other 3 levels in the way the operators’ inputs were presented. Until this level all the gates only
had 1 input (in case of NOT gate) or 2 inputs (in case of AND/OR gates) but this level presented
the player with operators which have more than 2 inputs. These operators were similar to 2 input
AND/OR gates; however they were presented with 3 inputs. There was a 3 input AND operator
already in place and there were 4 input boxes and 2 operator boxes which needed to be
completed. The direct input was introduced for the first time in this level as well. This level had
more than one solution. The player could be creative about the operators used on the top part of
the level. Both AND and OR gates could be used with proper inputs to obtain a TRUE output.
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Figure 18 - Level 4 Design

Figure 19 - Level 4 Solution

-

Level 5: Level5 was the last and most complicated level in the game which provided the player
with a “semi-open world mode” which would allow the players to create their own solution to the
level rather than finding the correct solution which is designed to be found in the level. In order to
pass this level the player must have the knowledge of Boolean logic and logical operators as well
as arithmetic and comparison operators for numeric variables (e.g. 2 ^ 2 and 5 > 3). Students
would have to use their creativity in order to imagine the bigger picture, reverse analyze the
solution starting from the light and the necessary TRUE output in order to figure out which
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operators and inputs are needed for turning the light on. There were multiple solutions to this
level.

Figure 20 - Level 5 Design

Figure 21 - Level 5 Solution
Screenshots of all the game screens can be found at appendix G.

Recorded Events during Game Play
During game play video was being recorded from the screen. The data was later extracted from the
videos. A timer counter was coded into the game which would show the time spent on each level on the
game screen. The counter was going up rather than down so it wouldn’t give the player a nervous feeling
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of being timed out, but rather was just a basic representation of the amount of time they have spent
thinking about that level at each time. More details on the variables recorded and extracted from the
videos are provided in the Game performance measures section.

Performance Measurements
Game Performance Measures
Several possible performance measures within a game could be used to assess prior learning. A few
examples of measures are proposed in the table below:

Table 6 - Game Performance Measures
Measure

Description

Notes

Time

Time spent on each level to complete it

Time spent on each level shows how quickly the

successfully.

player understands the concept and finds a proper
solution to the level. Gaming skills and computer
literacy can affect this measure.

Game score

The game score which usually increases by

Players have to score as high as possible. There

achieving mini-goals in the game that are

will be a minimum score in order to go to the next

specific to each level or each game.

level but scores higher than the minimum can
show how the player finds the optimum solution to
the problem of the level.
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Measure

Description

Notes

Number of

The game score can be calculated based on

The game can be designed in a way that provides

mistakes

the number of mistakes made in each level

the student with smaller pieces of challenge while

and each countable sections of the game.

the sum of these challenges creates the level. For
example in this game each part of the level could
be a mini-level on its own and any mistakes made
in each of these sections could be counted
individually. The game score could be then
calculated based on the number of mistakes.
Although the game had this potential the data for
the number of mistakes and game score was not
extracted and used in this study.

Level of

Level of instruction & help given in a game

For example the prototype made for this study

instruction &

can be determined by type of in-game

only contained the non-interactive text-based

help

messages and tutorials, number of

tutorial at the beginning of the game which was

messages, training levels, etc. The game

accompanied by images for better understanding

may also contain implicit instructions in the

of the game interface while reading the tutorial

form of feedback from the game.

text. Implicit help was provided through the
intermediate outputs in the game which were
showing the output of each operator.

Level solution

How close they get to the solution, are they

The ideal case would be to compare their solution

thinking way off or are they thinking right

with the level solution and see how far they are

but not being accurate?

from that and give hints and instructions based on
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Measure

Description

Notes
that. This measure goes hand in hand with number
of mistakes in each level and the game score.

Use of game

Different uses of game artifacts, order of

This item can give the instructors more

artifacts

objects, number of objects, type of objects,

information on the thought process of the students.

etc.

For example in the game prototype used in this
study order of logical operators used from the
beginning until the end of the level can
demonstrate how the student tackled the problem,
at which points he/she used Boolean logic
knowledge and at which points trial and error was
used.

Understanding

Do they realize what concept is being

The answer to these questions can be realized by

of the game

presented in the game? Is it Newton’s laws

comparing their performance to the level’s

concept

or its Kepler’s law? Is it Pythagoras’ law or

solution, using in-game questions or through a

it’s something else?

survey or a written test which will be given later
on in the study process.

Number of

Shows how many times the game has been

This measure can help the instructor to distinguish

Tries

reset which means the player hasn’t been

the trial and error patterns quickly by looking at

able to successfully finish the level and had

the data. Numbers higher than a specific number

kept trying.

for each level can be a sign of trial and error.

Shows the last level the student was able to

This measure is useful when the students’

Last level
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Measure

Description

Notes

attained at a

achieve in a set amount of time.

performances are being compared with each other
and with their previous performances.

set amount of
time

From the measures explained in the table above a few measures were chosen to be investigated in this
study. Table below shows these measures:

Table 7 - In-game Performance Measures Used in the Study
In-game measure – totals

Sub-measures

Total Game Time

Time to Complete Level 1
Time to Complete Level 2
Time to Complete Level 3
Time to Complete Level 4
Time to Complete Level 5

Total Number of Tries

Number of Tries in Level 1
Number of Tries in Level 2
Number of Tries in Level 3
Number of Tries in Level 4
Number of Tries in Level 5

Logic Achievements Measures
Pre-test and post-test were designed to assess the targeted knowledge specifications of the game. The
assessment used to measure logic achievement consisted of items that focused on the Boolean logic
expressions and order of operations. An example of a Boolean logic expression from the pre-test is
provided below:
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Figure 22 - An Example of a Test Item
There were 17 items presented on the pretest and the same 17 items were again presented in post-test after
the game. A complete version of Pre-test and post-test is provided at appendix C and appendix D.
The logic story assignment and final exam grades were also used as Boolean logic achievement measures
in the data analysis phase.

Evaluation Plan
In order to answer the research questions regarding the existence of correlations between the game
measures and other dependent measures all of these measures were evaluated and compared against each
other in the data analysis phase in order to find the answer to those questions. Finding correlations
between these items can be helpful to demonstrate that our assessment approach had worked. The table
below provides a list of the variable pairs which were tested against each other and a brief description of
the reason is provided, as a rationale for calculating the correlation.

Table 8 - Evaluation Plan for Study’s Measures
Measure

Description

Pre-study performance and Pre-test

Maybe a double check for the treatment group to see what their prior

(Logic story assignment)

knowledge level is?
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Measure

Description

Pre-study performance and Game

Comparing the students’ performance in a similar class assignment

Performance (Logic story assignment)

prior to participating in the study with their respective scores in the
tests and game performance can show if the student have made any
progress in terms of test performance or not.

Pre-study performance and post-study

Comparing the students’ grades in the logic story assignment and the

performance

final exam allows us to investigate the effects of the study and the

(Logic story assignment and final exam)

treatment condition on the students who participated in the study in
comparison to the control group. The results of this evaluation will
answer the main research question of this study.

Pre-test and Game performance

By comparing the students’ game performance and their score in the
test which will be given before playing the game we can study if
there is a big difference due to the change of the environment or
there is not a big change due to the level of prior knowledge and
proficiency of the topic.

Pre-test and Post- test scores

By comparing the two test scores from the written tests we can study
if playing the game helped to improve their test performance or not.
Also we can study if the prior knowledge helped them to get a
consistent performance during all the tests or not.

Pre-test and post-study performance

Comparing the pre-test and post-test scores allows us to see if the
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Measure

Description
game had any long term effects on the students’ learning outcomes
from the game, if their performances happen to be different before
and after the game.

Game Performance & Post- test

By comparing the students’ game performance and their score in the
test which will be given after playing the game we can study if
playing the game itself helped the students to learn more about the
test topic while playing the assessment game or not.

Game Performance and Post- study

Comparing the students’ performance in the class after participating

performance (Final exam)

in the study with their respective scores in the tests and game
performance can show if the game itself helped them to learn the
concept better and improved their performance in the tests taken later
on, after the study.

Post-test and post-study performance

This correlation allows us to investigate if the student’s performance

(Final Exam)

in post-test was due to their understanding of the topic or was due to
memory effect since the post-test was administered in about 15-20
minutes after the pre-test.

By comparing the students gaming background and game
Gaming background, Programming

performance along with the data collected from the two written tests

background and Game performance

we can study if their success in the game was due to their proficiency
of the topic or due to their computer literacy and gaming skills.
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Samples and Subjects
The population who were accessible for this study consisted of the undergraduate students in the Digital
Media program at the School of Visual Arts and Design at UCF. Our sampling frame was the group of
undergraduate digital media students who were enrolled in the “Fundamentals of Interactive Design”
course [DIG2500c] during the Spring2014 semester. Hence in this study convenience and purposive
sampling was used in order to select the participants. For this reason the study’s sample is a nonprobability sample of the population and the participants are not randomly assigned to the conditions of
the study. This is because the participants who volunteered to participate in the study may differ in
unknown but important ways from others who did not volunteer.
A total of 85 students signed up for the study. When asked for their availability schedule, 72 students
provided their availability and received a participant’s ID along with an assigned date and time slot to
participate in the study. A total of 58 students from those who had received participant’s ID showed up on
their assigned date and time and their data were included in the study.

Description of Digital Media Program
According to UCF’s Undergraduate Catalog “The B.A. in Digital Media allows students to integrate the
multiple domains of art, storytelling, and technology and is designed to provide a solid foundation in
techniques and theory in one focused area of competence, provide a broad understanding of related
disciplines including arts, humanities, and technology, and provide extended experience in working in
multidisciplinary teams on realistic problems.”
Having the definition above in mind, it may be suspected that the students enrolled in this program may
be more of visual people and have a more tech/game-savvy background compared to other students from
other departments which could be randomly chosen to be investigated. Hence they might exhibit better
58

performance in the assessment game, than randomly selected UCF students.

Students’ Background
Some background information about the participants was obtained from the demographic data collected
from the pre-surveys. This information is presented below by category:
•

Gender:
Based on the demographic data collected from the pre-survey 38.6% of the participants were
female and 61.4% were male participants.
Table 9 - Gender Frequency of Participants
Gender
Cumulative

Valid

Frequency

Percent

Valid Percent

Percent

Female

17

38.6

38.6

38.6

Male

27

61.4

61.4

100.0

Total

44

100.0

100.0

Figure 23 - Gender Frequency of Participants
59

•

Age:
Based on the demographic data collected from the pre-survey 95.5% of the participants were
between the ages of 19-25 years old.
Table 10 - Age Frequency of Participants
Age
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

19

8

18.2

18.2

18.2

20

10

22.7

22.7

40.9

21

10

22.7

22.7

63.6

22

4

9.1

9.1

72.7

23

5

11.4

11.4

84.1

24

1

2.3

2.3

86.4

25

4

9.1

9.1

95.5

30

1

2.3

2.3

97.7

35

1

2.3

2.3

100.0

44

100.0

100.0

Total

Figure 24 - Age Frequency of Participants
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•

Program of study:
Based on the demographic data collected from the pre-survey 93.2% of the participants were
enrolled in Digital Media program while 6.9% were coming from other departments. A majority
of the Digital Media students were in Game Design, Web Design, Animation and Graphic Design
tracks respectively. 9.1% of the Digital Media students did not mention their tracks.

Table 11 - Program of Study Frequency of Participants

What do you study? (Program, Track, Major/Minor)
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

Computer Science

1

2.3

2.3

2.3

Digital Media - Animation

9

20.5

20.5

22.7

13

29.5

29.5

52.3

5

11.4

11.4

63.6

4

9.1

9.1

72.7

10

22.7

22.7

95.5

Psychology

1

2.3

2.3

97.7

Radio Television Production

1

2.3

2.3

100.0

44

100.0

100.0

Digital Media - Game Design
Digital Media - Graphic
Design
Digital Media - N/A
Digital Media - Web Design

Total

61

Figure 25 - Program of Study Frequency of Participants

Procedures
Recruitment of Participants
All the students enrolled in DIG2500c were notified about the study by the instructor of record and his
GTAs, in class and also via the university’s online platform called Webcourses. Students could sign up to
participate in the study in order to receive extra credit points (3%) in the course’s lab section in return.
There were 180 students enrolled in the DIG2500c course in Spring 2014 semester. (Sampling frame size
= 180)
In order to facilitate the sign-up process and avoid the flood of emails from the students to the instructor,
an online assignment with 0 points was created on Webcourses, by which the students who wanted to
participate in the study would submit a “YES” answer under that assignment to sign-up for the study.
Instructor of the record then sent them a random 6 digit ID generated by a random generator application
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which would become their participant’s ID on the study day. This was done in order to avoid breaking
FERPA regulations since students’ academic records (such as class assignments and final exam grades)
would be exposed to the researchers in the data analysis phase. Students were allowed 7 days in order to
decide if they wanted to participate in the study or not. After the deadline set for the sign-up period, a
total of 85 students signed up for the study via Webcourses.
An online schedule was then created by the researcher via Doodle.com. The students had to go to that link
and mark their availability during that week on the schedule. The students would have to use their 6 digits
ID in order to enter their availability schedule. Again, they were given about a week in order to enter their
availability and the schedule was closed after the set deadline. After the deadline for marking the
availability, a total of 72 students were signed up and given their schedules via Doodle.com. The
availability schedule can be found at appendix H.
After collecting everyone’s 6 digit IDs and their respective schedule, a time slot was assigned to each
student by the principal investigator and the schedule (appendix I) was sent out to the students via
Webcourses by the instructor of record and his GTAs along with the study’s flyer (appendix J) including
detailed information about the accurate date, time and location of the study.
Out of 72 people who marked their availability and received a time slot to participate in the study 58
students showed up on their assigned date and time. (appendix K)

Data Collection Procedures
Data Collection prior to the Study
A couple of weeks after presenting the learning materials in the classroom, the logic story assignment
which was related to the Boolean Logic concepts was given to the students. The students were given two
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weeks in order to complete the assignment. The assignment had several requirements. The grades for the
logic and gating portion of the study were collected and used as part of the study’s data.

Data Collection Activities on the Day of the Study
Assignment to Treatment Condition
After recruiting the participants, the participants showed up at the specified date, time and location of the
study which were informed about via the Webcourses and the study’s flyer beforehand. The study took
place in Orlando Tech Center – Building 500.The students were told to come in 10-15 minutes prior to
their specified time to allow time for setting up the station and giving them the instructions. There was a
waiting area at the entrance of the building where the students waited until called in. There were a
maximum of 3 students assigned to each time slot but there were several time slots with less than 3
students. The study was held in either the conference room (A) or the computer lab in the OTC500
building depending on the day. When the participants of a specific time slot arrived, they were called in
and were sat at 3 computer stations. When the students were ready the principal investigator would ask
for their ID numbers to make sure they have their 6 digit numbers with them since they were going to use
it in each step of the study and that was the only way different parts of data could be connected to each
other and to that person.
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Figure 26 - Three Students Assigned to a Time Slot Participating in the Study

Brief Introductory Announcement (3 mins)
When we had made sure that the students had their IDs and the correct IDs, the principal investigator
highlighted their IDs in order to mark participation and gave them the needed instructions. Instructions
included a welcome message, a short summary of the study and what they were going to do in the study
and general instructions about participating in a research study. When the principal investigator was
finished with the instructions and the participants confirmed that they were ready to start the study they
were instructed to open a web browser window on their computer stations and navigate to the study’s
website which was bookmarked on the browser bookmarks tab. The study consisted of 5 parts which were
each presented as a hyperlink in order of execution on the study’s website. The students then started the
study by clicking on the first link which was the pre-survey.
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Pre-Survey (5 mins)
The survey would ask for their 6 Digit ID numbers at the beginning and would then present them with the
questions designed for the pre-survey.

Pre-Test (5-7 mins)
When done with the pre-survey, they were led to the next step which was the pre-test, an online multiple
choice test similar to a traditional multiple choice test they might receive in the classroom. The test was
not timed and the students were allowed to spend as much time as they needed on the questions. However
they were notified if they would spent too much time on these questions. The pre-test asked for their 6
digit ID at the beginning of the test as well.

Video Recording: Start (15 secs)
The next step after the test was playing the assessment game. After the students were done with the test
they would inform the principal investigator. The principal investigator would then start recording
software on their computer station which would record the computer screen while they were playing the
game so game data could be extracted from the recorded videos later on.

Game Play (5-15 mins)
After starting the recording software the game play could be started. The game started with a splash
screen and game instructions were presented to the participants. After reading the instructions and feeling
ready they started the game from level1 which was the easiest of all. They gradually proceeded in the
game and progressed through the 5 levels. Again the students were encouraged to take their times and
think about each level but also have the time limit of 15 minutes or so in mind and do not spend too much
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time on one level of the game.

Figure 27 - Student Playing the Assessment Game while his Classmate Takes the Pre-survey

Video Recording: Stop (15 secs)
When done with all 5 levels of the game the principal investigator stopped the recording software and the
students were referred back to the browser.

Post-Test (5-7 mins)
After playing the game they took another test identical to the test which was presented before playing the
game and they were asked for the 6 digit ID number at the beginning of this test as well.

Post-Survey (5 mins)
After finishing the post-test, the students were taking a post-survey which was the final step in the study.
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The post-survey was another online questionnaire similar to the pre-survey but the questions presented
and their scale was different. This survey also asked their 6 digit ID numbers at the beginning of the
survey.
When done with the post-survey the students were done with the study. This procedure was repeated
every 30-40 minutes for every group of 3 students assigned to that time slot.

Data Collection Activities after the Study
Several weeks after the study, during the final exams period, the students were presented several
questions related to the topic of the game, Boolean logic, on the DIG2500c course’s final exam. The
questions were designed by the instructor of record and not by the principal investigator. The exams were
graded by the course instructor and the Boolean logic related portions of the grades were collected.
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CHAPTER FOUR: DATA ANALYSIS
Data Analysis Procedures
In order to gather and organize the raw data and prepare it for analysis, the final sample of students must
have been determined. All the surveys and tests data which were collected online via LimeSurvey were
exported as an Excel file, .spss (SPSS syntax file) and .dat (SPSS data file) using LimeSurvey’s
dashboard and were then imported into SPSS and saved as .sav (SPSS data document) for analysis. The
game data were also extracted manually from the videos and stored in an Excel file. The Excel file was
then imported to SPSS for analysis.
In order to prepare the data for analysis the raw data was checked for accuracy and all the invalid entries
were removed. Invalid entries in treatment group were caused for two reasons:

Incomplete data: The logic story assignment and final exam’s grades for students from the
treatment group who dropped the course after the study and before the final exam were no longer
available to the course instructor so their data was incomplete. 4 students were removed in this
manner.

Game bug: Some students passed one of the game levels due to a bug found in the game during
the study. This bug was not found during the QA testing but showed up on the days of study. Due
to this bug the player could pass level 3 without achieving the correct answer hence making the
rest of the game data invalid since that data would not be a true representation of their
performance in the game. 10 students were removed in this manner.
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The data from the rest of the participants were kept for data analysis which included 44 students who
participated in the study and completed logic story assignment, pre-survey, pretest, assessment game,
posttest, post-survey and final exam. However, all the data from the control group remained unchanged.

Table 12 - Breakdown of Students from Original and Final Sample
Control Group

Treatment Group

Total Number of
Students

Students in Original

59

58

117

59

44

103

Sample
Students in Final Sample

When the final sample was determined all the data for each dependent measure was entered into a
separate spreadsheet including a separate column for each measure. Measures included were Logic Story
Assignment grades, pre-test grades, game performance measures, post-test grades and final exam grades.
The raw data from all these spreadsheets are provided as appendices at the end of this document.

Preparation of Dependent Measures’ Data
The second phase of the analysis was grading the traditional assessment materials, which included the
logic story assignment, pre-test, post-test and final exam, based on the raw data obtained from the online
tests and the instructor of record. These measures were considered as Boolean logic achievement
measures in the data analysis phase. Table 13 shows these achievement measures and the respective
grading rubric for each of these measures.
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Table 13 – Grading Rubric for Dependent Measures
Boolean Logic
Achievement Measure
Logic story Assignment
grade
Pre-test grade

Description

Total Number of
Items

Correct programming of
the requirements

Total number of correct
answers on the pretest
items

Total Points
Possible

1

3

17

17

Post-test grade

Total number of correct
answers on the posttest
items

17

17

Final exam grade

Total number of correct
answers on the final exam
items

6

6

Preparation of Logic Story Assignment and Final Exam Grades:
The logic story assignment and final exam questions were graded by the instructor of record and were
stored as an Excel spreadsheet separately. Four students with incomplete data (missing grades due to
dropping the course before the final exam) were recognized and were marked for removal.

Pre-Test and Post-Test:
Pre-test and post-test were graded by the principal investigator. The process of preparing pre-test and
post-test data was as follows:
1. Data was exported to Excel from the LimeSurvey’s dashboard.
2. Unnecessary columns were removed:
a. Submit date
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b. Start language
c. Token
d. Completed
3. Data was sorted by participants’ ID (PID).
4. All the columns names and types were adjusted as follow:
a. Questions descriptions were changed to q1, q2, etc, for easier processing.
b. PID field type was changed to string to correctly display PID’s with leading zeros.
c. All the data values were adjusted to have the same spelling and upper case/lower case
mode. For example answers such as True, TRUE, and true were all adjusted to TRUE.
5. The answer key for the test was created and inserted on the top row of the spreadsheet.
6. For grading the test a formula was written to compare the answer key values with data and record
1 for correct answers and 0 for wrong answers. A duplicate of the questions’ columns were
created to enter the comparison’s results. Figure 28 demonstrates this formula.

Figure 28 - Correct and wrong answers were determined using an IF function

7. Another formula was written to add all the numbers up and calculate the final grade based on the
values entered in the previous step. Figure 29 demonstrates this formula.
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Figure 29 - Final grades were calculated automatically by calculating the number of correct
answers
8. All the invalid entries were recorded as wrong answers and got 0 on those questions.
9. No participants were removed at this step.
The same process was repeated for preparing and grading post-test data.

Preparation of Game Data
The game data were extracted from the recorded videos which were watched individually by the PI.
Extracted data which included Total time spent on the game, time spent on each level and number of tries
in each level was initially entered into an Excel spreadsheet. The process of preparing the game data for
analysis was as follows:
1. A new Excel sheet was created containing all the in-game measures which were going to be
recorded from the videos.
2. PIDs were entered into the spreadsheet and were sorted from smallest to the greatest number
since the videos were watched and the data were extracted in order of the participants ID from
smallest to the greatest number.
3. Number of Tries values was recorded by counting the numbers of the “electricity switch” being
turned on. However some students turned on the light switch several times in a row without
changing anything in the level to make sure that the game is working and it’s showing the correct
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output. This continuous tries without changing any game objects were not counted towards the
number of tries and only the ones that involves a change in the game levels were counted.
4. Time for each level was recorded from the level “timer” at the end of the level where the good
job message appears and the timer is stopped.
5. The total game time was calculated by adding up the level time values for each level.
6. Total number of tries was calculated by adding up the number of tries in each level.
7. While watching the videos, the PI realized that there was a technical error in the level 3 of the
game which would allow the participants’ to pass the level without achieving the correct answer.
This error was not caught during the QA testing. Since their game data for next levels could not
be verified, these participants were dropped from the data. 10 students were marked for removal
in this manner.
When all the data were extracted and entered into an Excel spreadsheet the game data was then checked
for accuracy. The data were then imported to SPSS for analysis.

Preparation of Survey Data
Similar to the tests data the surveys data were imported to SPSS from LimeSurvey and some adjustments
were made in order to prepare the data for analysis.

Pre-Survey:
1. Data (.dat) and syntax (.sps) files were downloaded from LimeSurvey and were imported to
SPSS.
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2. Next, unnecessary columns were removed.
o

Submit date

o

Start language

o

Token

3. The data was sorted by participants’ ID (PID).
4. All the variable names, types and labels were adjusted as follows:
o

Descriptive names were given to variables’ names instead of q1, q2, q3, etc.

o

The full descriptions of pre-survey’s questions were entered into label field for each
question.

o

PID’s variable type was changed from numeric to restricted numeric with leading zeros
and the decimal points were changed to 0 in order to display the PID’s correctly.

o

Age variable type was changed to 0 decimal points. All the variables had 0 decimal
points.

5. Values of the data were adjusted:
o

“N/A” was entered in all the fields with no value.

o

Field of study variable was split into Major and Minor variables in order to properly
display the information for the students who provided extra information about their
education. All the values were adjusted to look similar in spelling and several categories
were created. These categories contained the 4 tracks of Digital Media program (Game
design, web design, graphic design and animation), a category for the students who
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mentioned their program as Digital Media but didn’t mention major or track, and a
separate category for each non-digital media major mentioned. The digital media students
who didn’t mention their track were recorded as “Digital Media – N/A”.
o

The minor field for students who didn’t have any minor was recorded as N/A.

o

“Gaming hours per week” variable was adjusted as well. Variable type was changed to
numeric with 1 decimal point and variable measure was changed to scale. Since the
question was not multiple choices various types of entry existed. Whole numbers were
kept unchanged. Range numbers such as 10-20 were averaged so 15 hours per week was
recorded. Numbers such as 20+ or 10+ were recorded as the number mentioned so 20 and
10 were recorded respectively. One participant entered “a lot” as the value which was
initially marked for removal but it was removed from the data due to being an outlier
later on.

Post-Survey:
1. Data (.dat) and syntax file (.sps) were downloaded from LimeSurvey and were imported to SPSS.
2. Unnecessary columns were removed.
o

Submit date

o

Start language

o

Token

3. Data was sorted by participants’ ID (PID).
4. All the variable names, types and labels were adjusted as follows:
o

Descriptive names were given to variables instead of q1, q2, q3, etc.
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o

The full descriptions of post-survey’s questions were entered into label field for each
question.

o

PID’s variable type was changed from numeric to restricted numeric with leading zeros
and the decimal points were changed to 0 in order to display the PIDs correctly.

5. Values of the data were adjusted:
o

“N/A” was entered in all the fields with no value.

o

For the fourth question asking “do you think your performance changed from test1 to
test2” an additional field was created in order to transform the open-ended answers to
coded values. The answers were coded to yes/no/not sure and the values were entered in
the original variable’s text field. The comments made explaining why they think their
performance was different, was then entered to the additional text field as a comment
variable. These values were rated by PI and one other rater to determine the reliability of
the ratings.

o

Same thing was done for questions 5 and 6. Table 14 shows the converted questions and
their respective coded answers.

6. No students were removed at this stage.
Table 14 - Post-Survey's Adjusted Items
Open-ended Question

Coded Answers

Do you think your performance on the second

Yes = Y

test was different from the first test?

No = N
Not Sure = NS
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Open-ended Question

Coded Answers

What’s your opinion on using digital games to

P = Positive

learn different subjects? Explain your opinion.

N = Negative
M = Mixed

What’s your opinion on using digital games to

P = Positive

test your knowledge of different subjects?

N = Negative

Explain your opinion.

M = Mixed

Since this part involved rating and interpretation of open ended questions, the post-survey data for these
three questions were given to one other rater to ensure the inter-rater reliability.

Other Data Preparation Procedures
When all data described above were stored in separate spreadsheets, all the invalid entries/ Participants’
data were re-checked and were excluded from all the spreadsheets to ensure consistency between the data
sets. During the initial data analysis 2 outliers were found which were marked for removal and were
excluded during the data analysis. These two students had extreme score values in the assessment game,
both in total game time and total number of tries.
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Table 15 - Data Removal Information
Reason for removal

Data Set

Number of students removed

Game bug

Game Data

10

Outliers

Game data

2

Invalid entry

Pre-survey

1
(one of the 2 outliers)

Incomplete data due
to dropping the
course

Final exam and
assignment grades

4

Total Removed

16 / 58

Total Remained

42 / 58

At the end, all the necessary variables from pre-survey, pre-test, game data, post-test and post-survey
were entered into a master data sheet along with the logic story assignment and final exam grades.
o

From pre-survey:


Age



Gender



Field of study (Major)



Favorite subject



Programming? Yes/No



Interest in Programming (Likert scale)



self-perception of knowledge of programming (Likert scale)



Gaming hours
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o

From Post-survey:


Self-perception of Pre-test performance (Likert scale)



Self-perception of game performance



Self-perception of Post-test performance (Likert scale)



Different performance? Yes/ No/Not sure



Games for Learning? Positive/ Negative/ Mixed



Games for Assessment? Positive/ Negative/ Mixed

Logic story assignment and final exam data for control group were also stored in a separate spreadsheet.
In order to prepare the data for investigating the main research question, logic story assignment grades
and final exam grades from both control and treatment groups were entered in one spreadsheet. Then an
additional variable called “condition” was created with values “1” for “Treatment” and “0” for “Control”
and proper values were entered for each participant (see appendix S).

Analysis of Research Questions
After creating data sheets and entering the data into separate spreadsheets, descriptive statistics were
obtained from the data by computing the means, standard deviations and standard error. All the data
distributions were then tested for normality to determine appropriate statistical tests for analysis.
Kolmogorov–Smirnov test was used in order to determine the normality of distributions.
For investigating the main research question and finding the effect of treatment on the future performance
of the students a Mann-Whitney U-test was used with the test condition being the independent variable
and the final exam grade being the dependent variable. The test condition was entered as the grouping
variable and the final exam grades as the test variable.
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For investigating the other research question and finding the measures which were correlating a Spearman
Rank correlation was used in order to find relationships between the dependent measures and game
measures and the significance of these correlations were calculated. Then several multiple regressions
were computed to test the effects of each of these measures on the dependent variables such as game
performance and future performance (final exam grades).
Some other analyses were also executed in order to find the relationships between the demographic and
other background variables such as program of study or gender with the dependent measures but the
results of the analyses are not reported in this document. However the statistics related to these variables
can be found at the end of this document as appendices.
A complete list of the analyzed variables and the analyses’ results will be provided in the next chapter.
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CHAPTER FIVE: RESULTS
The following section contains the results from the analyses of the study’s data. First, descriptive analysis
results are reported which will then be followed by the results of the normality tests. Second, the first
research question is addressed by reporting the results on the effectiveness of the treatment compared to
the control. Third, the results of the correlation analyses between the dependent measures are reported and
lastly the effects of each of these measures on the final exam performance, calculated through several
multiple regression analyses are discussed.

Descriptive Statistics
Descriptive statistics for each distribution can be seen below and the normality test results’ will follow.

Table 16 – Treatment Group’s Dependent Measures' Descriptive Statistics

Descriptive Statistics

N

Minimu

Maximu

m

m

Std.
Mean

Deviation

Skewness

Std.
Statistic

Statistic

Statistic

Statistic

42

0

3

2.52

.149

.969

-1.930

.365

Test1's grade

42

6

17

11.71

.426

2.761

.079

.365

Total Game Time

42

111

540

243.45

16.115

104.436

1.043

.365

NumberTries

42

5

23

10.14

.589

3.816

1.477

.365

Test2's grade

42

5

17

11.95

.473

3.068

-.347

.365

Final Exam's grade

42

1

6

4.69

.217

1.405

-.743

.365

Valid N (listwise)

42

Logic Story
Assignment grade
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Error

Std.
Statistic

Statistic

Error

Table 17 - Control Group’s Dependent Measures' Descriptive Statistics
Descriptive Statistics
Std.
N

Minimum

Maximum

Mean

Deviation

Skewness

Std.
Statistic
Logic Story

Statistic

Statistic

Statistic

Error

Std.
Statistic

Statistic

Error

59

0

3

2.76

.092

.703

-3.326

.311

Final exam grade

59

1

6

4.10

.190

1.459

-.493

.311

Valid N (listwise)

59

Assignment grade

Normality Tests’ Results
All of the dependent measures’ distributions were tested for normality using the Kolmogorov-Smirnov
test and were reported non-normal except for pre-test and post-test. Since almost all of the distributions
were non-normal “non-parametric” statistics methods were used from this point on in order to analyze the
data further. The detailed results of the Kolmogorov-Smirnov test for all the distributions are provided at
appendix T.
Table 18 - Study Measures' Normality Test Results, N = 42

Measure

Logic Story (C)*

Final Exam (C)

Mean

Standard

Asymp. Significance

Deviation

(Lilliefors)

2.76

.703

.000

No

.000

No

4.10

1.459
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Normal?

Measure

Logic Story (T)

Pre-test (T)

Total Game Time in

Mean

Standard

Asymp. Significance

Deviation

(Lilliefors)

2.52

.969

11.71

2.761

243.45

104.436

Normal?

.000

No

.094

Yes

.013

No

.013

No

.096

Yes

.000

No

seconds (T)

Total Number of

10.14

3.816

Tries (T)

Post-test (T)

Final Exam (T)

11.95

3.068

4.69

1.405

* T = Treatment, C = Control

Main Research Questions’ Analysis Results
Due to having non-normal distributions, non parametric methods were used for analysis of research
questions. For that reason the Mann-Whitney U-test was used in order to investigate the first research
question: What is the effect of the treatment (assessment game, pre-test and post-test) on the future
performance of the students of the treatment group compared to the control group.
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An examination of the findings in Table 19 and Table 20, the results of the Mann Whitney U test applied
to the final exam grades of the students in the experimental and control groups, revealed a statistically
significant difference at the level of p<.05 (Z= -2.091; p=.037<.05). The mean rank of the final exam
grades of the experimental group students was 45.98, while the students in the control group had a mean
rank of 58.05. An examination of the mean ranks of the final exam grades between the two groups
demonstrates that the students in the treatment group had a better performance than those in the control
group. This result indicates that the treatment group students attained higher success after the experiment
when compared to the students in the control group.

Table 19 – Mann-Whitney U-test Rank Results
Ranks
Condition
Final Exam's grade

N

Mean Rank

Sum of Ranks

Control

59

45.98

2713.00

Treatment

42

58.05

2438.00

Total

101

Table 20 - Mann-Whitney U-test's Results
a

Test Statistics

Final Exam's
grade
Mann-Whitney U

943.000

Wilcoxon W

2713.000

Z

-2.091

Asymp. Sig. (2-tailed)
a. Grouping Variable: Condition

85

.037

Other Research Questions’ Analyses Results
In order to investigate the second research question regarding the existence of any correlations
between the study’s measures, the Spearman’s Rank correlation was run for each pair of the
Boolean achievement measures and in-game measures.

Correlations
Logic Story Assignment
The logic story assignment was very weakly or not correlated with other performance measures
and none of these correlations were significant:
-

Pretest:

rho (40) = .02, P = .86

-

Total Game Time:

rho (40) = -.17, P = .27

-

Total Number of Tries:

rho (40) = -.13, P = .40

-

Post-test:

rho (40) = .16, P = .30

-

Final Exam:

rho (40) = .15, P = .33

Table 21 - Correlations' Results for Logic Story Assignment
Logic Story

Spearman's rho
Logic Story

Correlation

Assignment grade

Coefficient

Total

Final

Assignment

Test1's

Game

Number

Test2's

Exam's

grade

grade

Time

Tries

grade

grade

1.000

.027

-.172

-.132

.161

.153

.

.864

.276

.406

.309

.332

42

42

42

42

42

42

Sig. (2-tailed)
N
**. Correlation is significant at the 0.01 level (2-tailed).
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Pre-Test
The pre-test was significantly correlated with all of the measures except for the logic story assignment.
The strongest correlation was between the pre-test and post-test, the final exam, total game time and total
number of tries respectively:

-

Logic Story Assignment :

rho (40) = .02, P = .86

-

Total Game Time:

rho (40) = -.63, P = .00

-

Total Number of Tries:

rho (40) = -.60, P = .00

-

Post-Test:

rho (40) = .69, P = .00

-

Final Exam:

rho (40) = .66, P = .00

Table 22 - Correlations' Results for Pre-Test
Logic Story

Spearman's rho
Correlation
Test1's grade

Coefficient
Sig. (2-tailed)

Total

Final

Assignment

Test1's

Game

Number

Test2's

Exam's

grade

grade

Time

Tries

grade

grade

-.602

**

.691

**

.660

**

1.000

.864

.

.000

.000

.000

.000

42

42

42

42

42

42

N

-.637

**

.027

**. Correlation is significant at the 0.01 level (2-tailed).

Total Game Time
The total game time was strongly correlated with pre-test and total number of tries, moderately correlated
with post-test and final exam and was weakly correlated with the logic story assignment. All of these
correlations were significant at .01 level (P< .01) except for the logic story assignment:
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-

Logic Story Assignment:

rho(40) = -.17, P = .27

-

Pre-Test:

rho(40) = -.63, P = .00

-

Total Number of Tries:

rho(40) = .64, P = .00

-

Post-Test:

rho(40) = -.43, P = .00

-

Final Exam:

rho(40) = -.45, P = .00

Table 23 - Correlations' Results for Total Game Time
Logic Story

Spearman's rho
Total Game

Correlation

Time

Coefficient
Sig. (2-tailed)

Total

Final

Assignment

Test1's

Game

Number

Test2's

Exam's

grade

grade

Time

Tries

grade

grade

**

1.000

.276

.000

.

.000

.004

.003

42

42

42

42

42

42

-.172

N

-.637

.644

**

-.430

**

-.452

**. Correlation is significant at the 0.01 level (2-tailed).

Total Number of Tries
The total number of tries was significantly correlated with all of the measures except for logic story
assignment. The strongest correlation was with total game time, post-test, pre-test and final exam
respectively:
-

Logic Story Assignment:

rho(40) = -.13, P = .40

-

Pre-Test:

rho(40) = -.60, P = .00

-

Total Game Time:

rho(40) = .64, P = .00

-

Post-Test:

rho(40) = -.62, P = .00

-

Final Exam:

rho(40) = -.56, P = .00
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Table 24 - Correlations' Results for Total Number of Ties
Logic Story

Spearman's rho
NumberTries

Total

Final

Assignment

Test1's

Game

Number

Test2's

Exam's

grade

grade

Time

Tries

grade

grade

Correlation

-.132

Coefficient
Sig. (2-tailed)

-.602

**

.644

**

1.000

-.622

**

-.567

**

.406

.000

.000

.

.000

.000

42

42

42

42

42

42

N
**. Correlation is significant at the 0.01 level (2-tailed).

Post-Test
The post-test was strongly correlated with pre-test, number of tries and final exam, moderately correlated
with total game time and weakly correlated with the logic story assignment. All the correlations were
significant at .01 level (P< .01) except for the logic story assignment:
-

Logic Story Assignment:

rho(40) = -.16, P = .30

-

Pre-Test:

rho(40) = -.69, P = .00

-

Total Game Time:

rho(40) = -.43, P = .00

-

Total Number of Tries:

rho(40) = -.62, P = .00

-

Final Exam:

rho(40) = .64, P = .00
Table 25 - Correlations' Results for Post-Test
Logic Story

Spearman's rho
Test2's grade

Correlation
Coefficient
Sig. (2-tailed)

Total

Final

Assignment

Test1's

Game

Number

Test2's

Exam's

grade

grade

Time

Tries

grade

grade

.161

.691

**

-.430

**

-.622

**

1.000

.640

**

.309

.000

.004

.000

.

.000

42

42

42

42

42

42

N
**. Correlation is significant at the 0.01 level (2-tailed).
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Final Exam
The final exam was strongly correlated with pretest, total number of tries and post-test, moderately
correlated with total game time and was weakly correlated with the logic story assignment. All the
correlations were significant at .01 level (P< 0.01) except for the logic story assignment:
-

Logic Story Assignment:

rho(40) = -.15, P = .33

-

Pre-Test:

rho(40) = .66, P = .00

-

Total Game Time:

rho(40) = -.45, P = .00

-

Total Number of Tries:

rho(40) = -.56, P = .00

-

Post-Test

rho(40) = .64, P = .00

Table 26 - Correlation's Results for Final Exam
Correlations
Logic Story

Spearman's rho

Total

Final

Assignment

Test1's

Game

Number

Test2's

Exam's

grade

grade

Time

Tries

grade

grade

-.452

**

Correlation Coefficient

.153

grade

Sig. (2-tailed)

.332

.000

.003

42

42

42

N

.660

**

Final Exam's

**

1.000

.000

.000

.

42

42

42

-.567

**

.640

**. Correlation is significant at the 0.01 level (2-tailed).

Multiple Regressions Analyses
When the correlations between the study’s measures, their strengths and significances were determined, a
multiple regression analysis was run in order to determine the effects of each of these measures as
independent variables on the final exam grades as a dependent variable in order to demonstrate the effects
of each of these measures on the students’ performances in the final exam. The pre-test, total game time
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and post-test measures were included in this analysis. Total number of tries was removed from this
analysis since it was strongly correlated with the total game time, hence only one was included. The
results of the regression analysis were the same if the total game time was removed and total number of
tries was used instead. The logic story assignment measure was excluded from the regression analysis due
to not meeting the assumptions of multiple regression analysis (The measure was not correlated with the
dependent variable and the distribution of residuals was not normal). After running the regression for all
these measures together, each of the measures was separately tested in order to determine the individual
effect of that specific measure on the final exam grades. The results of the individual regression analyses
can be found at appendix V.The results of the regression analysis shows that the distributions of the
residuals are normal and the regression assumptions are all met. The R Square value (R Square = .47)
shows that Boolean logic achievement measures along with the in-game performance measures can
predict 47% of the final exam grades.
Table 27 - Summary of Multiple Regression Analysis
b

Model Summary

Model
1

R

Adjusted R

Std. Error of the

Square

Estimate

R Square

.689

a

.475

.433

1.058

a. Predictors: (Constant), Test2's grade, Total Game Time, Test1's grade
b. Dependent Variable: Final Exam's grade

Table 28 - Results of ANOVA between Study's Measures and Final Exam
a

ANOVA
Model
1

Sum of Squares

df

Mean Square

Regression

38.443

3

12.814

Residual

42.533

38

1.119

Total

80.976

41

a. Dependent Variable: Final Exam's grade
b. Predictors: (Constant), Test2's grade, Total Game Time, Test1's grade
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F
11.449

Sig.
.000

b

Figure 30 - Histogram of Standardized Residuals for the Multiple Regression Analysis of the
Study’s Measures of Performance

Figure 31 - P-P Plot of Standardized Residual of Multiple Regression Analysis of the Study's
Measures of Performance
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After evaluating the effect of the treatment measures in the regression analysis, every two
variables were paired for another regression analysis in order to investigate the difference
between these measures and in order to evaluate which of these measures can be used
interchangeably. The results shown in the tables below demonstrate that each pair of these three
measures can predict the final exam roughly similar to the other pairs since the R Square value of
each of the regressions was very close to the other two pairs. Pre-test and post-test, post-test and
number of tries and pre-test and number of tries were the strongest predictor of final exam grades
respectively. The complete statistics for this analysis can be found at appendix __.

Table 29 - Results of Regression Analysis for Pre-test and Post-test
b

Model Summary

Model
1

R

R Square

.670

a

Adjusted R

Std. Error of the

Square

Estimate

.448

.420

1.070

a. Predictors: (Constant), Test1's grade, Test2's grade
b. Dependent Variable: Final Exam's grade

Table 30 - Results of Regression Analysis for Post-test and Total Number of Tries
Model Summaryb

Model
1

R
.663

R Square
a

Adjusted R

Std. Error of the

Square

Estimate

.440

.411

a. Predictors: (Constant), Test2's grade, NumberTries
b. Dependent Variable: Final Exam's grade
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1.079

Table 31 - Results of Regression Analysis for Pre-test and Total Number of Tries
b

Model Summary

Model
1

R
.650

R Square
a

Adjusted R

Std. Error of the

Square

Estimate

.423

.393

1.095

a. Predictors: (Constant), NumberTries, Test1's grade
b. Dependent Variable: Final Exam's grade

The same process was repeated with the Total Game Time measure in order to compare the in-game
measures and their effect on the final exam’s grades. The results were very similar to the previous
analysis when total number of tries was used but total game time showed weaker results when paired with
pre-test.
Table 32 – Results of Regression Analysis for Pre-test and Total Game Time
b

Model Summary

Model
1

R
.639

R Square
a

Adjusted R

Std. Error of the

Square

Estimate

.408

.378

1.109

a. Predictors: (Constant), Total Game Time, Test1's grade
b. Dependent Variable: Final Exam's grade

Table 33 - Results of Regression Analysis for Post-test and Total Game Time
b

Model Summary

Model
1

R
.664

R Square
a

Adjusted R

Std. Error of the

Square

Estimate

.440

.412

a. Predictors: (Constant), Test2's grade, Total Game Time
b. Dependent Variable: Final Exam's grade
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1.078

CHAPTER SIX: DISCUSSION
This study investigated, experimentally, the effects of the use of a combination of different levels of
formative assessment, including multiple choice question tests, game assessment and practical assignment
on the future test performances of undergraduate students who are learning basics of programming.
Specifically the study examined the effects of the use of a short puzzle game intended for assessing
knowledge of Boolean logic as a formative assessment tool.

Interpretations of the Findings
Main Research Question
The results from the analysis of the main research question through the Mann-Whitney U-test rejected the
null hypothesis (“There will be no difference in the future academic achievements of the treatment group
versus the control group in tasks related to Boolean logic”) and supported the proposed hypothesis. The
results demonstrated that there is a significant difference between the students who went through the
experiment, took the pre-test and post-test and played the assessment game. The supporting rationale for
this hypothesis is that the difference may be due to participation in the study and specifically due to
playing the assessment game, since the game provided an interactive and visual testing environment
which put the theoretical concepts of Boolean logic into practice in a fun way. However the difference
between the two groups could have been due to the exposure of the treatment group to pre-test and posttest questions and the similarity of the final exam questions to the pre-test and post-test questions. As
mentioned in the previous section, this matter can be investigated through another study with differently
designed questions for each test.
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However the results of the regression analyses at the end of the previous chapter shows that the effect of
the assessment game, as a predictor of future performance, was as big as the effect of any of the pre-test
and post-test when any combination of the two measures were used as independent variables. This
demonstrates that the game may be able to predict the future academic performance of the students as
well as a multiple choice test questions such as the pre-test or post-test, hence being a possibly useful new
technology-based assessment environment. These results provide a support to the main idea of this
project, using digital interactive games as an assessment method. However the results can only support
the effectiveness of the mini-game made for this project, hence further investigation in different situations
and areas is needed in order to generalize the idea and conclude that digital interactive games are
generally an effective tool for assessment.

Secondary Research Questions
The results of the correlations and the significance of the correlations determined the study’s measures
which were associated with each other. Based on the results, pre-test, post-test and in-game measures
were the measures most strongly correlated to each other. In most cases, the pre-test was a better indicator
of the future performance compared to the post-test. The results of the correlations and the regression
analysis also showed that the combination of pre-test, game and post-test can be an effective way of
providing formative assessment in comparison to the traditional methods of assessment such as multiple
choice quizzes, etc.

Logic Story Assignment:
The logic story was not strongly correlated with any of the other measures. This fact would lead one to
infer that the logic story was not a good measure of prior knowledge. This outcome can be due to the fact
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that the grade considered for the logic story assignment was a small portion of a bigger assignment. The
assignment was a programming assignment so the students could have been stronger on some aspects of it
while lacking knowledge on other portions such as the Boolean logic portion; so they might have gotten a
good grade on the full assignment but not on the Boolean logic portion of it which was considered in this
study. Also the results may be due to the small range of possible grades for this assignment. Since this
grade was a small portion of a bigger assignment the range of the possible grades was limited to 0-3,
hence making it harder to differentiate the level of performance of the students. Also the grading by the
instructor could have had an effect on the grades and could be biased based on the background of the
instructor from the students and their in-class performance as well as the lack of inter-rater reliability.
Overall, the logic story assignment measure seemed to be not as useful a measure as the other measures
used measures for predicting future performances.

Pre-test:
The pre-test is strongly correlated with the post-test grades, final exam grades, total game time and total
number of tries. The strong correlation between the pre-test and post-test shows that the near future
performance of the students can be roughly predicted by their performance in the pre-test if the questions
are similar. However this effect may be due to the memory effect since the two tests were 15-20 minutes
apart and the questions on the tests were the same. The strong correlation of the pre-test with the final
exam may be more meaningful, since the questions were different and the memory effect could not be
asserted. However since the final exam questions were similar to pre-test and post-test questions there still
may be some effect on performance due to being exposed to similar material before. As mentioned in the
previous section of this chapter, this matter can be investigated through another study by providing
different test materials from pre-test to post-test and to final exam.
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The pre-test was also strongly correlated to both total game time and total number of tries compared to the
other measures which were mostly correlated more strongly to total number of tries rather than total game
time. This may be due to the fact that the students have not been exposed to any other related learning and
testing materials before the assessment for prior knowledge. While other measures such as the game
measures and in later tests such as post-test and final exam, their performance could have been affected
by several other factors related or unrelated to the study. Also the strong correlation with the final exam
grades shows that the pre-test can be a good indicator of the final exam performance without the existence
of other testing material such as the game.

Total Game Time and Total Number of Tries:
The strong and significant correlation between these in-game measures can indicate that both measures
are reliably correlated to other future performance measures such as post-test and final exam. However,
the total number of tries had a stronger correlation with these performance measures making it a more
useful measure compared to the total game time. This may be due to the fact that some students would
take their time in order to think about the solution without taking actions. That being said, one student
could spend 120 seconds thinking about the solution but solving the level with one trial. However, total
game time can be a more useful indicator of in-game performance when used along with the number of
tries as the combination of these measures can provide the instructors with more information about the
students’ in-game performance.

Post-test:
Similar to the pre-test, the post-test was strongly and significantly correlated with the final exam grades
and the in-game measures. However in contrast with pre-test, the post-test’s correlation with total game
time was weaker than the correlation of pre-test with total game time. The total number of tries’
correlation coefficient with post-test stayed very close to the correlation coefficient with pre-test which
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may indicate that the total number of tries, again, is a more useful measure if individually used since it
stayed consistent before and after the assessment game.

Limitations and Recommendations for Future Research
Although the results of the data analysis supported the main research questions and hypotheses, the
results could have been overestimated or underestimated due to several limitations of this study. This
project was only focused on one topic which is Boolean logic. More research is needed in other topics and
fields of study and in different situations to investigate the validity of games as an assessment method in
general. This study had several other limitations which are all described below. All of these limitations
can be removed if the causes of these limitations are recognized and the requirements are satisfied.
Satisfying all those requirements opens up the road for future research in each of these explained areas.
Below these limitations are discussed from different perspectives.

Study Design
•

Since the digital media undergraduate students at UCF were the only accessible group of
students, the results of the study cannot be generalized to other groups. The limitations of this
study in terms of the sampling frame are as follows:

o

Sample size: Since convenience and purposive sampling was used in this study the
number of participants who volunteered was not as many as it could be if we were using
the whole sampling frame available to us. The size of the sampling frame was 180 while
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only 58 students participated in the study.

o

Participant’s background: Since we recruited undergraduate students from a digital
media program, they could have had specific backgrounds or characteristics. They can be
more tech-savvy than their other peers in other programs. The students in the game
design track could also be more game-savvy than their other peers in the same program
but different tracks and other students in different programs. The digital media students
may also be “visual people” who prefer visual learning styles compared to other people
who may have different learning preferences. All of these characteristics might have
effect the results of the study.

o

Other programs: Since the study’s sample only consisted of undergraduate digital media
students, other students with different programs of study or different education levels
need to be investigated as well in order to be able to generalize the idea of games for
assessment in different areas and levels.

o

Recruitment process: Since the students in the treatment group were volunteers and the
control group were the non-volunteer remainder of the class (convenience and purposive
sampling), most of the statistical tests that have an assumption for having a randomly
assigned sample were not met. That fact limited the statistical methods which could be
used in order to analyze the data with regard to the first research question (treatment vs.
non-treatment). It’s recommended to use random sampling in the future research in order
to open up more options in terms of the data analysis. We could not compare the pre-test
and post-test results between the control and treatment group, as the control group did not
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take the pretest and posttest. It’s recommended that in the future research projects, one of
the tests be used as a baseline of prior knowledge and also to expose the students to
questions which are similar to the final exam questions. That way, the results of the final
exam can be more reliable since we can claim that both groups have been exposed to the
similar type of questions.

o

Since extra credit was given as an incentive for participation in the study, the group of
students who volunteered to participate might have different personal characteristics.
They may be more motivated to take on new challenges, try new things or just volunteer
in general to help others for a good cause. They could also have a low self-perception of
their performance in the classroom hence might have decided to participate in order to
make up for their loss of credit in the lecture or lab sections. That being said, this group
of students could have been generally performing lower than their other peers who did
not participate in the study due to not seeing the need for it. However, it can’t be claimed
that all the students who participated in the study had a low performance in the
classroom. All these characteristics could have affected the results of this study but in
future research projects; they can be addressed by use of other sampling methods which
allow all types of students to be included.

•

In this study the participants were not directly notified about how their performance in the game
is measured and how this information would be used in terms of comparison with other test
grades. Providing an explanation of the rules and grading for the study could have an effect on the
game and test performances of the students. Some students mentioned in the post-survey that they
fell into the trial and error trap or “game play mentality” while playing the assessment game, and
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were not taking it as seriously as a real test. This might have affected their performance in the
game; one student mentioned that if he/she had known that this was a test rather than a game,
he/she might have been more careful about her decisions in the game. A recommendation for
future research is to investigate the effects of the explanation of the grading rules before the study
versus no explicit explanation such as the process used in this study.

•

The game made for this study was only one example of several other games that should be tested
in order to investigate the validity of games as an assessment method in general. The nature of
Boolean logic and the fact that logic is fundamental to programming and related to computers
might have made it an easier concept to represent in a game form. Hence several games should be
designed and tested in other topics and areas since some topics may work better than others.

Treatments
•

Due to limitations of resources such as time and game development resource, not all the proposed
in-game measures of performance were investigated in this study. Total number of tries and total
game time were chosen as the measures of in-game performance for this study; however, several
other studies are needed in order to investigate the effects of other in-game measures under
different conditions. Data was collected for some of these measures such as total number of
mistakes and last level attained. However, this data was not analyzed due to lack of time and lack
of priority in comparison with other measures and hypotheses of this study.

•

The logic story assignment did not show any significant correlation with other measures so was
not a very effective measure. Different types of assignments and in-class projects should be tested
to determine which measures of prior knowledge can be more effective when used along with the
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other measures of performance.

•

The final exam questions were designed very similarly to the pretest and posttest questions. For
that reason the students who have been through the treatment condition might have had a better
performance due to the exposure to these questions and not necessarily due to having played the
assessment game. The effects of the study’s measures should be tested with a different set of
questions designed for the final exam in order to obtain more reliable and better results.

•

The pretest and posttest in this study were identical so it could not be determined if the results of
the posttest are due to memory effect or due to receiving the experience of the assessment game.
Ideally, the posttest should have more questions than the pretest and should include a few
different questions while keeping the questions presented on the pretest, to fully demonstrate the
differences between the two test scores.

•

The logic story assignment’s grading rubric was very limited and the assignment should have
more points in order to allow a better demonstration of different performance levels in the
assignment. The same thing applies to the final exam. The more points each of these measures
have, the more accurately one can measure the performance of students which may lead to more
accurate and reliable results in the data analysis phase.

Game Design
•

Since the game was designed and developed solely by the principal investigator of the study as a
thesis project, there were several limitations in place in terms of time, human resources and scope
of the project. For that reason not all the proposed ideas in the first few chapters of this document
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were investigated. A bigger and stronger team with the needed resources is required in order to
create a game with a bigger scope and more features in order to truly investigate the assessment
power of digital interactive games.

•

Lack of manpower for testing the game (Quality Assurance and play-testing) resulted in a bug in
the game which caused removal of several participants from the sample due to the students “using
the bug” in order to pass the level, hence making the rest of their data invalid to use.

•

The game was designed in a way to provide immediate feedback to the students about their
solutions to each question/ level. Hence they might have gained knowledge or had improved their
existing knowledge of Boolean logic through the game which could have impacted their
performance in the future tests such as the final exam. In fact, that’s one reason that using games
for “formative assessment” rather than “summative assessment” was initially proposed as the
main idea of this project.

•

The hypotheses of this study were only tested with one 2D computer-based mini-game. Other
platforms such as console games or mobile games should be investigated as they may have
different effects on the students’ performance due to the differences in the interface and
environment features and scope of the game. The scope of this game was very limited and kept
small. Games with bigger scopes can be created in order to investigate these research questions
more deeply by engaging and immersing the students in the more complicated simulated
environments such as SimCity EDU.
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•

There are several different game design features that can be considered during the design phase
for designing assessment games which can have different effects on the performance of the
students in the test. These features have not been fully investigated in this study. Some of these
features are:
o

Reversed game perspective, teach the material in one game with a different perspective
and reverse the perspective in the assessment game.

o

Various approaches to the use of story (for example, more or less use of personal
characters)

o

Use of a physical device like wiimote

o

In-game tutorial vs. at the beginning, in-game messages, etc.

o

Scoring system explanation, diagrams explanation, etc.

Statistical Tests
•

Since the participants were not randomly selected and also the data distributions were not normal,
several statistical tests which required the assumptions of random assignment and normality of
the distributions were not usable in this study. If these assumptions were met, more accurate
parametric tests could be used for data analysis which could have concluded more accurate
results.

•

Since the logic story assignment and final exam grades were only graded by the instructor of
record, inter-rater reliability could not be calculated and the grades could have been biased based
on the course instructor’s familiarity with the students, grading in comparison with other portions
of the programming assignment, etc. Ideally a few other raters should have graded the assignment
and the final exams and the inter-rater reliability should have been calculated in order to ensure
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consistency between the grades.

•

Normally, the regression analysis requires a sample size of N > 50 + 8m where “m” represents
the number of independent variables. For that reason, the sample size of this study, N = 42, could
have been considered small for running regression analysis but since there is no restrictions in
terms of the sample size for regression analysis, the results of this analyses were reported in this
document. It is recommended that bigger sample sizes be used and tested in the future research.

Besides all the limitations mentioned above, available time for analysis of the data and reporting the
results was one of the biggest limitations of further investigating this topic. Hence, the surveys’ data and
correlations between the background and demographic data were not calculated. Some statistics
regarding the pre-survey and post-survey data has been included in appendix X.

Conclusion
This study presented evidence to support the main idea of the project: that digital interactive games can be
used as a potential new technology-based assessment environment. Results of the study indicated that
game performance in the small puzzle game about Boolean logic designed for this study, taps into
Boolean logic understanding of undergraduate students in digital media program and provided evidence
that the effect of the game on their future performances is similar to when traditional methods of
assessment such as multiple choice tests are used. This evidence supports the main research question and
its hypothesis, concluding that digital interactive games, when designed and used properly along with
other test materials, can provide an effective formative assessment environment for our tech-savvy
students of the 21st century.
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APPENDIX A: LOGIC STORY ASSIGNMENT DESCRIPTION

107

Logic Story Assignment - Created by Gideon Shbeeb, Instructor, DIG2500
Goal: This assignment is designed to allow you the opportunity to experiment with the use of logical
comparisons, variable definition/assignment, and nested navigation inside of the Flash environment.
Requirements: The final product that you deliver will be a SWF that contains an experience that provides
users with a series of decisions/interactions. You can provide the users with a narrative experience
(Choose your own adventure story), a decision tree (What kind of ______ are you?), or a simulation
experience (Here is what might happen. . .).
You must include use:
-At least 2 variables/properties
-At least 1 dynamic text field
-Between 5-10 decision points.
-Use at least one gate
-Total gating must require at least two checked variables
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APPENDIX B: PRE-SURVEY
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APPENDIX C: PRE-TEST WITH ANSWERS
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118
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120

121
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Answer Key
The answer key is identical for pre-test and post-test:
1) C
2) B
3) A
4) B
5) C
6) A
7) B
8) A
9) B
10) A
11) True
12) True
13) True
14) False
15) False
16) True
17) B
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APPENDIX D: POST-TEST
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APPENDIX E: POST-SURVEY
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APPENDIX F: FINAL EXAM QUESTIONS

136

Final Exam Questions - Created by Gideon Shbeeb, Instructor, DIG2500
For each question, choose only one answer to fill in on your answer sheet. Remember to answer all
questions and fill in the bubbles completely. Once you have completed the test, bring your test packet
and your answer sheet to the front. After that you are free to leave.
Section I – Multiple Choice
1. Assume the following code has defined iApples = 4, iOranges = 5, and iBananas = 4, choose the
answer of the function that will be called
if (iApples > 3)
{
if (iBananas > 3)
{
if (iOranges > 3)
{
makeFruitSalad();
}
else
{
makeSmoothie();
}
}
else
{
if (iOranges > 3)
{
makeJuice();
}
else
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{
getCaramel();
}
}
}
else
{
makeStrangeJuice();
}

a. getCaramel();
b. makeFruitSalad();*
c. makeJuice();
d. makeSmoothie();
e. makeStrangeJuice();

2. What operator can be used in the blank to make this a true statement?
(3>2) _____ (6<2)
a. &&
b. ||*
c. !
d. ==
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Answer the next set of questions by evaluating the logic truth of the statement. If the statement evaluates
to true, bubble in ‘A’ on your answer sheet. If the statement evaluates to false, bubble in ‘B’ on your
answer sheet.

3. Assume an integer variable called iHeight is equal to 4 and a Boolean variable called bAthletic is
equal to true. Evaluate the following:
((iHeight <= 3) || (bAthletic)) *T

4. Under the same circumstances as above evaluate the following:
((iHeight > 3) && (!bAthletic)) *F

5. Under the same circumstances as above evaluate the following:
(! (iHeight > 3) && (bAthletic) || (iHeight > 4)) *F

6. TRUE || FALSE != FALSE *T
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APPENDIX G: ASSESSMENT GAME SCREENSHOTS
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147

148

149

150

151

152
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APPENDIX H: DOODLE SCHEDULE SIGN-UP
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APPENDIX I: FINAL STUDY SCHEDULE

168

169

APPENDIX J: STUDY’S FLYER
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APPENDIX K: ATTENDANCE
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APPENDIX L: VARIABLES CODEBOOK
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Logic Story Assignment and Final Exam (both treatment and control groups)

Pre-Survey
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Pre-test

Assessment Game
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Post-test

Post-survey
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Master Data Sheet Variables:
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APPENDIX M: TREATMENT GROUP’S LOGIC STORY ASSIGNMENT AND
FINAL EXAM RAW DATA
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APPENDIX N: CONTROL GROUP’S LOGIC STORY ASSIGNMENT AND
FINAL EXAM RAW DATA
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APPENDIX O: PRE-TEST RAW DATA
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APPENDIX P: ASSESSMENT GAME RAW DATA
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APPENDIX Q: POST-TEST RAW DATA
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APPENDIX R: MASTER DATA SHEET RAW DATA
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APPENDIX S: MANN-WHITNEY RAW DATA SHEET
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APPENDIX T: NORMALITY TEST RESULTS
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Control Group Data
Control group’s histograms of distributions, results of normality test and Q-Q Plots are as follow:

Figure 32 - Logic Story Assignment’s
Distribution of Data

Figure 33 - Logic Story Assignment’s
Normal Q-Q Plot

Table 34 – Logic Story Assignment’s Normality Test Results
Logic Story's
One-Sample Kolmogorov-Smirnov Test

Assignment
grade

N
Normal Parameters

44
a,b

Most Extreme Differences

Mean

2.73

Std. Deviation

.788

Absolute

.499

Positive

.365

Negative

-.499

Test Statistic

.499

Asymp. Sig. (2-tailed)

.000

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

Since Asymp Sig. is <0.5 hence this distribution is not normal.
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Figure 34 - Final Exam's Distribution of Data

Figure 35 - Final Exam's Normal Q-Q Plot

Table 35 - Final Exam's Normality Test Results

One-Sample Kolmogorov-Smirnov Test
Final Exam's
grade
N
Normal Parameters

44
a,b

Mean
Std. Deviation

Most Extreme Differences

4.05
1.462

Absolute

.198

Positive

.104

Negative

-.198

Test Statistic

.198

Asymp. Sig. (2-tailed)

.000

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

Since Asymp. Sig. is <0.5 the distribution is not normal.
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Treatment Group
Treatment group participants’ histograms of distributions, results of normality test and Q-Q Plots are as
follow:

Figure 36 – Logic Story Assignment’s
Distribution of Data

Figure 37 – Logic Story Assignment's Normal
Q-Q Plot

Table 36 - Logic Story Assignment's Normality Test Results
Logic Story's
One-Sample Kolmogorov-Smirnov Test

Assignment
grade

N
Normal Parameters

44
a,b

Most Extreme Differences

Mean

2.55

Std. Deviation

.951

Absolute

.456

Positive

.316

Negative

-.456

Test Statistic

.456

Asymp. Sig. (2-tailed)

.000

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

Since Asymp. Sig. is <0.5 the distribution is not normal.
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Figure 38 - Pre-Test's Distribution of Data

Figure 39 - Pre-Test's Normal Q-Q Plot

Table 37 - Pre-Test's Normality Test Results
One-Sample Kolmogorov-Smirnov Test
Test1's grade
N
Normal Parameters

44
a,b

Most Extreme Differences

Mean

11.64

Std. Deviation

2.677

Absolute

.151

Positive

.151

Negative

-.089

Test Statistic

.151

Asymp. Sig. (2-tailed)

.014

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

Since Asymp. Sig. is <0.5 the distribution is not normal.
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Figure 40 - Post-Test's Distribution of Data

Figure 41 – Post-Test’s Normal Q-Q Plot

Table 38 – Post-Test’s Normality Test Results

One-Sample Kolmogorov-Smirnov Test
Test2's grade
N
Normal Parameters

44
a,b

Most Extreme Differences

Mean

11.41

Std. Deviation

2.928

Absolute

.103

Positive

.090

Negative

-.103

Test Statistic

.103

Asymp. Sig. (2-tailed)

.200

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.
d. This is a lower bound of the true significance.

Since Asymp. Sig. is > 0.5 the distribution is normal.
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Figure 42 – Final Exam’s Distribution of Data

Figure 43 - Final Exam's Normal Q-Q Plot

Table 39 - Final Exam's Normality Test Results
One-Sample Kolmogorov-Smirnov Test
Final Exam's
grade
N
Normal Parameters

44
a,b

Mean
Std. Deviation

Most Extreme Differences

4.70
1.407

Absolute

.253

Positive

.179

Negative

-.253

Test Statistic

.253

Asymp. Sig. (2-tailed)

.000

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

Since Asymp. Sig. is < 0.5 the distribution is not normal.
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Figure 44 - Total Game Time's Distribution of
Data

Figure 45 - Total Game Time's Normal Q-Q Plot

Table 40 – Total Game Time’s Normality Test Results

One-Sample Kolmogorov-Smirnov Test

Total Game
Time

N
Normal Parameters

44
a,b

Mean
Std. Deviation

Most Extreme Differences

267.95
152.649

Absolute

.205

Positive

.205

Negative

-.152

Test Statistic

.205

Asymp. Sig. (2-tailed)

.000

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

Asymp. Sig. is < 0.05 so this distribution is not normal.
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Figure 46 - Number of Tries' Distribution of
Data

Figure 47 - Number of Tries' Normal Q-Q Plot

Table 41 - Total Number of Tries’ Normality Test Results
One-Sample Kolmogorov-Smirnov Test
Total Number of
Tries
N
Normal Parameters

44
a,b

Most Extreme Differences

Mean

11.00

Std. Deviation

5.942

Absolute

.227

Positive

.227

Negative

-.159

Test Statistic

.227

Asymp. Sig. (2-tailed)

.000

a. Test distribution is Normal.
b. Calculated from data.
c. Lilliefors Significance Correction.

Asymp. Sig. is < 0.05 so this distribution is not normal.
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APPENDIX U: CORRELATIONS’ RESULTS

205

206

Table 42 - Correlations' Matrix
Correlations
Logic
Story's
Assignm

Spearman Logic Story's

Correlation

's rho

Assignment

Coefficient

grade

Sig. (2-tailed)

Correlation
Coefficient
Sig. (2-tailed)

Test1's

Game

Number

Test2's

Exam's

grade

grade

Time

Tries

grade

grade

1.000

.027

-.172

-.132

.161

.153

.

.864

.276

.406

.309

.332

42

42

42

42

42

42

.027

1.000

.864

.

.000

.000

.000

.000

42

42

42

42

42

42

**

1.000

.276

.000

.

.000

.004

.003

42

42

42

42

42

42

**

1.000

N
Total Game

Correlation

Time

Coefficient
Sig. (2-tailed)

-.172

N
NumberTries

Correlation
Coefficient
Sig. (2-tailed)

-.132

Correlation
Coefficient
Sig. (2-tailed)

Correlation

grade

Coefficient
Sig. (2-tailed)

-.602

**

.644

**

-.602

.644

**

**

.691

-.430

-.622

**

**

**

.660

-.452

-.567

**

**

**

.000

.000

.

.000

.000

42

42

42

42

42

42

**

1.000

.161

.691

**

-.430

**

-.622

.640

**

.309

.000

.004

.000

.

.000

42

42

42

42

42

42

**

1.000

N
Final Exam's

-.637

-.637

.406

N
Test2's grade

Final

ent

N
Test1's grade

Total

.153

.660

**

-.452

**

-.567

**

.640

.332

.000

.003

.000

.000

.

42

42

42

42

42

42

N
**. Correlation is significant at the 0.01 level (2-tailed).
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- Logic Story Assignment vs. Pre-test:

Figure 48 – Logic Story Assignment vs. Pre-Test Scatter Plot

Table 43 – Logic Story Assignment vs. Pre-Test Correlation’s Results
Correlations
Logic Story's
Assignment
grade
Spearman's rho

Logic Story's Assignment

Correlation Coefficient

grade

Sig. (2-tailed)

1.000

.044

.

.776

44

44

Correlation Coefficient

.044

1.000

Sig. (2-tailed)

.776

.

44

44

N
Test1's grade

Test1's grade

N
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Logic Story Assignment vs. Total Game Time:

Figure 49 - Logic Story Assignment vs. Total Game Time Scatter Plot

Table 44 - Logic Story Assignment vs. Total Game Time Correlation's Results
Correlations
Logic Story's

Spearman's rho

Logic Story's Assignment

Correlation Coefficient

grade

Sig. (2-tailed)
N

Total Game Time

Correlation Coefficient
Sig. (2-tailed)
N

209

Assignment

Total Game

grade

Time

1.000

-.116

.

.452

44

44

-.116

1.000

.452

.

44

44

-

Logic Story Assignment vs. Total Number of Tries:

Figure 50 - Logic Story Assignment vs. Total Number of Tries Scatter Plot

Table 45 - Logic Story Assignment vs. Total Number of Tries Correlation's Results
Correlations
Logic Story's

Spearman's rho

Logic Story's Assignment

Correlation Coefficient

grade

Sig. (2-tailed)
N

Total Number of Tries

Correlation Coefficient
Sig. (2-tailed)
N
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Assignment

Total Number of

grade

Tries

1.000

-.082

.

.597

44

44

-.082

1.000

.597

.

44

44

-

Logic Story Assignment vs. Post-Test’s Grade:

Figure 51 - Logic Story Assignment vs. Post-Test Scatter Plot

Table 46 - Logic Story Assignment vs. Post-Test Correlation's Results
Correlations
Logic Story's
Assignment
grade
Spearman's rho

Logic Story's Assignment

Correlation Coefficient

grade

Sig. (2-tailed)

1.000

.185

.

.230

44

44

Correlation Coefficient

.185

1.000

Sig. (2-tailed)

.230

.

44

44

N
Test2's grade

Test2's grade

N
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Logic Story Assignment vs. Final Exam Grade:

Figure 52 - Logic Story Assignment vs. Final Exam Scatter Plot

Table 47 - Logic Story Assignment vs. Final Exam Correlation's Results
Correlations
Logic Story's

Spearman's rho

Logic Story's Assignment

Correlation Coefficient

grade

Sig. (2-tailed)

Final Exam's

grade

grade

1.000

.146

.

.343

44

44

Correlation Coefficient

.146

1.000

Sig. (2-tailed)

.343

.

44

44

N
Final Exam's grade

Assignment

N
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Pre-test vs. Total Game Time

Figure 53 - Pre-Test vs. Total Game Time Scatter Plot

Table 48 - Pre-Test vs. Total Game Time Correlation's Results
Correlations
Total Game
Test1's grade
Spearman's rho

Test1's grade

Correlation Coefficient

1.000

Sig. (2-tailed)
N
Total Game Time

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).
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Time
-.526

**

.

.000

44

44

**

1.000

.000

.

44

44

-.526

-

Pre-Test vs. Total Number of Tries:

Figure 54 - Pre-Test vs. Total Number of Tries Scatter Plot

Table 49 - Pre-Test vs. Total Number of Tries Correlation's Results
Correlations
Total Number of
Test1's grade
Spearman's rho

Test1's grade

Correlation Coefficient

1.000

Sig. (2-tailed)
N
Total Number of Tries

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).
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Tries
-.465

**

.

.001

44

44

**

1.000

.001

.

44

44

-.465

-

Pre-Test vs. Post-Test:

Figure 55 - Pre-Test vs. Post-Test Scatter Plot

Table 50 - Pre-Test vs. Post-Test Correlation's Results
Correlations
Test1's grade
Spearman's rho

Test1's grade

Correlation Coefficient

1.000

Sig. (2-tailed)
N
Test2's grade

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).
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Test2's grade
.445

**

.

.002

44

44

**

1.000

.002

.

44

44

.445

-

Pre-Test vs. Final Exam:

Figure 56 – Pre-Test vs. Final Exam Scatter Plot

Table 51 – Pre-Test vs. Final Exam Correlation’s Results
Correlations
Final Exam's
Test1's grade
Spearman's rho

Test1's grade

Correlation Coefficient

1.000

Sig. (2-tailed)
N
Final Exam's grade

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).

216

grade
.482

**

.

.001

44

44

**

1.000

.001

.

44

44

.482

-

Total Game Time vs. Total Number of Tries:

Figure 57 - Total Game Time vs. Total Number of Tries Scatter Plot

Table 52 – Total Game Time vs. Total Number of Tries Correlation’s Results
Correlations

Spearman's rho

Total Game Time

Correlation Coefficient

Total Game

Total Number of

Time

Tries
1.000

Sig. (2-tailed)
N
Total Number of Tries

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).

217

.690

**

.

.000

44

44

**

1.000

.000

.

44

44

.690

-

Total Game Time vs. Post-Test:

Figure 58 – Total Game Time vs. Post-Test Scatter Plot

Table 53 – Total Game Time vs. Post-Test Correlation’s Results

Correlations
Total Game
Time
Spearman's rho

Total Game Time

Correlation Coefficient
Sig. (2-tailed)
N

Test2's grade

Correlation Coefficient
Sig. (2-tailed)
N
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Test2's grade
1.000

-.147

.

.341

44

44

-.147

1.000

.341

.

44

44

-

Total Game Time vs. Final Exam:

Figure 59 – Total Game Time vs. Final Exam Scatter Plot

Table 54 – Total Game Time vs. Final Exam Correlation’s Results
Correlations

Spearman's rho

Total Game Time

Correlation Coefficient

Total Game

Final Exam's

Time

grade
1.000

Sig. (2-tailed)
N
Final Exam's grade

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).
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-.453

**

.

.002

44

44

**

1.000

.002

.

44

44

-.453

-

Total Number of Tries vs. Post-Test:

Figure 60 - Total Number of Tries vs. Post-Test Scatter Plot

Table 55 - Total Number of Tries vs. Post-Test Correlation's Results

Correlations
Total Number of
Tries
Spearman's rho

Total Number of Tries

Correlation Coefficient
Sig. (2-tailed)
N

Test2's grade

Correlation Coefficient
Sig. (2-tailed)
N
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Test2's grade
1.000

-.269

.

.077

44

44

-.269

1.000

.077

.

44

44

-

Total Number of Tries vs. Final Exam:

Figure 61 - Total Number of Tries vs. Final Exam Scatter Plot

Table 56 - Total Number of Tries vs. Final Exam Correlation's Results

Correlations

Spearman's rho

Total Number of Tries

Correlation Coefficient

Total Number of

Final Exam's

Tries

grade
1.000

Sig. (2-tailed)
N
Final Exam's grade

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).
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-.524

**

.

.000

44

44

**

1.000

.000

.

44

44

-.524

-

Post-Test vs. Final Exam:

Figure 62 - Post-Test vs. Final Exam Scatter Plot

Table 57 - Post-Test vs. Final Exam Correlation's Results

Correlations
Final Exam's
Test2's grade
Spearman's rho

Test2's grade

Correlation Coefficient

1.000

Sig. (2-tailed)
N
Final Exam's grade

Correlation Coefficient
Sig. (2-tailed)
N

**. Correlation is significant at the 0.01 level (2-tailed).

222

grade
.398

**

.

.007

44

44

**

1.000

.007

.

44

44

.398

APPENDIX V: MULTIPLE REGRESSION ANALYSES FOR INDIVIDUAL
MEASURES OF PERFORMANCE
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Pre-test:
Table 58 – Regression Analysis Results for Pre-test
b

Model Summary

Model
1

R
.618

a

Adjusted R

Std. Error of the

R Square

Square

Estimate

.382

.366

1.119

a. Predictors: (Constant), Test1's grade
b. Dependent Variable: Final Exam's grade

Table 59 – ANOVA Results for Pre-test and Final Exam
a

ANOVA
Model
1

Sum of Squares

df

Mean Square

F

Sig.

Regression

30.905

1

30.905

24.689

.000

Residual

50.071

40

1.252

Total

80.976

41

b

a. Dependent Variable: Final Exam's grade
b. Predictors: (Constant), Test1's grade

Figure 63 - Histogram of Standardized Residual
– Pre-test
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Figure 64 - P-P Plot of Standardized Residual –
Pre-test

Total Game Time:
Table 60 - Regression Analysis Results for Total Game Time
b

Model Summary

Model
1

R
.469

a

Adjusted R

Std. Error of the

R Square

Square

Estimate

.220

.200

1.257

a. Predictors: (Constant), Total Game Time
b. Dependent Variable: Final Exam's grade

Table 61 - ANOVA Results for Total Game Time and Final Exam
a

ANOVA
Model
1

Sum of Squares

df

Mean Square

F

Sig.

Regression

17.785

1

17.785

11.258

.002

Residual

63.191

40

1.580

Total

80.976

41

b

a. Dependent Variable: Final Exam's grade
b. Predictors: (Constant), Total Game Time

Figure 65 - Histogram of Standardized Residual
– Total Game Time
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Figure 66 - P-P Plot of Standardized Residual –
Total Game Time

Total Number of Tries:

Table 62 - Regression Analysis Results for Total Number of Tries

b

Model Summary

Model
1

R
.533

a

Adjusted R

Std. Error of the

R Square

Square

Estimate

.284

.266

1.204

a. Predictors: (Constant), NumberTries
b. Dependent Variable: Final Exam’s grade

Table 63 - ANOVA Results for Total Number of Tries and Final Exam
a

ANOVA
Model
1

Sum of Squares

df

Mean Square

F

Sig.

Regression

22.980

1

22.980

15.849

.000

Residual

57.996

40

1.450

Total

80.976

41

b

a. Dependent Variable: Final Exam’s grade
b. Predictors: (Constant), NumberTries

Figure 67 - Histogram of Standardized Residual
– Total Number of Tries
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Figure 68 - P-P Plot of Standardized Residual –
Total Number of Tries

Post-test:
Table 64 - Regression Analysis Results for Post-test

b

Model Summary

Model
1

R
.607

a

Adjusted R

Std. Error of the

R Square

Square

Estimate

.369

.353

1.130

a. Predictors: (Constant), Test2's grade
b. Dependent Variable: Final Exam's grade

Table 65 - ANOVA Results for Post-test and Final Exam
a

ANOVA
Model
1

Sum of Squares

df

Mean Square

F

Sig.

Regression

29.880

1

29.880

23.391

.000

Residual

51.097

40

1.277

Total

80.976

41

b

a. Dependent Variable: Final Exam's grade
b. Predictors: (Constant), Test2's grade

Figure 69 - Histogram of Standardized Residual
– Post-test
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Figure 70 - P-P Plot of Standardized Residual –
Post-test

APPENDIX W: MULTIPLE REGRESSION ANALYSES FOR PAIRS OF
MEASURES OF PERFORMANCE
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Pre-test and Total Number of Tries:
Table 66 - Regression Analysis Results for Pre-test and Total Number of Tries

b

Model Summary

Model
1

R
.650

Adjusted R

Std. Error of the

Square

Estimate

R Square
a

.423

.393

1.095

a. Predictors: (Constant), Test1's grade, NumberTries
b. Dependent Variable: Final Exam's grade

Table 67 - ANOVA Results for Pre-test, Total Number of Tries and Final Exam

a

ANOVA
Model
1

Sum of Squares

df

Mean Square

Regression

34.225

2

17.112

Residual

46.751

39

1.199

Total

80.976

41

F
14.275

Sig.
.000

a. Dependent Variable: Final Exam's grade
b. Predictors: (Constant), Test1's grade, NumberTries

Figure 71 - Histogram of Standardized
Residual – Pre-test and Total Number
of Tries

Figure 72 - P-P Plot of Standardized
Residual – Pre-test and Total Number
of Tries
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b

Post-test and Total Number of Tries:

Table 68 - Regression Analysis Results for Post-test and Total Number of Tries
b

Model Summary

Model
1

R
.663

Adjusted R

Std. Error of the

Square

Estimate

R Square
a

.440

.411

1.079

a. Predictors: (Constant), Test2's grade, NumberTries
b. Dependent Variable: Final Exam's grade

Table 69 - ANOVA Results for Post-test, Total Number of Tries and Final Exam
a

ANOVA
Model
1

Sum of Squares

df

Mean Square

Regression

35.603

2

17.801

Residual

45.374

39

1.163

Total

80.976

41

F
15.301

Sig.
.000

b

a. Dependent Variable: Final Exam's grade
b. Predictors: (Constant), Test2's grade, NumberTries

Figure 73 - Histogram of Standardized Residual
– Post-test and Total Number of Tries
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Figure 74 - P-P Plot of Standardized Residual –
Post-test and Total Number of Tries

Pre-test and Post-test:
Table 70 - Regression Analysis Results for Pre-test and Post-test
b

Model Summary

Model
1

R
.670

Adjusted R

Std. Error of the

Square

Estimate

R Square
a

.448

.420

1.070

a. Predictors: (Constant), Test1's grade, Test2's grade
b. Dependent Variable: Final Exam's grade

Table 71 - ANOVA Results for Pre-test, Post-test and Final Exam

a

ANOVA
Model
1

Sum of Squares

df

Mean Square

Regression

36.300

2

18.150

Residual

44.676

39

1.146

Total

80.976

41

F
15.844

Sig.
.000

b

a. Dependent Variable: Final Exam's grade
b. Predictors: (Constant), Test1's grade, Test2's grade

Figure 75 – Histogram of Standardized Residual
– Pre-test and Post-test

231

Figure 76 – P-P Plot of Standardized Residual
– Pre-test and Post-test
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Table 72 - Favorite Subject's Frequency
What is your favorite subject?
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

Math

3

6.8

6.8

6.8

Physics

2

4.5

4.5

11.4

34

77.3

77.3

88.6

5

11.4

11.4

100.0

44

100.0

100.0

Arts
Other (Please specify in the
comment box)
Total

Figure 77 - Favorite Subject's Frequency

233

Table 73 - Programming Background’s Frequency

Have you done any programming before taking DIG2500c and working
with Flash/AS3?
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

Yes

27

61.4

61.4

61.4

No

17

38.6

38.6

100.0

Total

44

100.0

100.0

Figure 78 - Programming Background's Frequency
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Table 74 - Interest in Programming's Frequency
On a scale of 1 to 5 how do you rate your interest in programming? (1 being
Not interested at all and 5 being Very interested)
Cumulative
Frequency
Valid

Percent

Valid Percent

Percent

Not At all

8

18.2

18.2

18.2

No

9

20.5

20.5

38.6

Neutral

9

20.5

20.5

59.1

14

31.8

31.8

90.9

4

9.1

9.1

100.0

44

100.0

100.0

Yes
Very Much
Total

Figure 79 - Interest in Programming's Frequency
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Table 75 - Self-Perception of Programming Skills' Frequency

On a scale of 1 to 5 how do you rate yourself in knowledge and application of
programming? (1 as lowest and 5 as highest)
Cumulative
Frequency
Valid

Very Low

Percent

Valid Percent

Percent

4

9.1

9.1

9.1

Low

23

52.3

52.3

61.4

Average

15

34.1

34.1

95.5

High

2

4.5

4.5

100.0

Total

44

100.0

100.0

Figure 80 - Self-Perception of Programming Skills' Frequency
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Figure 81 - Self-Perception of Test Performances Differences
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